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ABSTRACT 
THE IMPACT OF THE PERCEIVED AND OBSERVED FOOD ENVIRONMENT ON 
FRUIT AND VEGETABLE CONSUMPTION AND OBESITY: A THEORY-BASED 
STUDY AMONG US OLDER ADULTS  
 
MAY 2018 
QIANZHI JIANG, B.S., NANJING NORMAL UNIVERSITY 
M.A., SYRACUSE UNIVERSITY 
Ph.D., RDN, UNIVERSITY OF MASSACHUSETTS AMHERST 
Directed by: Professor Nancy L. Cohen 
 
The overall diet quality of U.S. older adults is less than optimal, featured by inadequate fruits and 
vegetables (FV), whole grains and dairy, and excessive sodium and fat. The current food 
environment can be challenging for older adults to improve their FV consumption. Both perceived 
and observed food environments are linked to FV consumption and health outcomes such as Body 
Mass Index (BMI) with mixed results. My research was guided by a social-ecological framework 
and the theory of planned behavior (TPB) to identify environmental supports for FV consumption 
in older adults. Adults aged 60 and older in Massachusetts, Iowa, and Illinois completed a survey 
on their perceptions of the food environment related to enablers of FV consumption (facilitators of 
behavioral change such as accessibility and affordability), and their attitudes, subjective norms 
(SN), perceived behavioral control (PBC), intention, and FV intake, which are all constructs of 
TPB. We also assessed the food environment and its impact on FV intake and BMI in older adult 
respondents of the 2015 Behavioral Risk Factor Surveillance System in western Massachusetts. 
Overall, participants perceived their food environment for FV consumption positively. 
Respondents from all participating states perceived accessibility as the most important enabler, 
followed by affordability, transportation, social support and living accommodation/assistance. 
Supermarkets were rated the most important behavioral setting across all study sites. Participants 
proposed recommendations for improvement to address availability, accessibility and affordability 
of FV, and food quality. PBC was positively associated with intention to meet FV recommendation, 
fruit intake and vegetable intake while SN was negatively associated with fruit intake. PBC was 
positively associated with total FV intake only in participants who rated perceived accessibility 
vii 
 
positively. No significance was found between observed environmental enablers and FV intake or 
BMI. Weak evidence suggested that the ratio of healthful food retailers was negatively associated 
with meeting the dietary recommendation for FV. Future research will benefit from a design that 
combines both individual and environmental determinants of FV consumption in older adults. 
Improved assessment of perceived and observed food environments will enhance the strength of 
studies that investigate the effects of the community food environment on dietary intake. 
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CHAPTER 1 
INTRODUCTION 
 
The older adult population is one of the most rapidly growing populations in the world including 
the U.S. (American Hospital Association & First Consulting Group, 2007, Ortman 2014). The 
Centers for Disease Control and Prevention predicts that by 2030 adults aged 65 years and older 
will account for 20% of the total U.S. population, raising concerns about nutrition and health-
related issues (Centers for Disease Control and Prevention, 2013b).  
 
The overall diet quality of U.S. older adults is less than optimal, featured by low consumption of 
fruits and vegetables (FV), whole grains and dairy, and higher than recommended consumption of 
sodium and fat (Center for Nutrition Policy and Promotion, 2016). Consequentially, older adults 
face both under- and overconsumption of energy and selected nutrients. With an obesity rate of 
34.6%, the prevalence of nutrition-related chronic diseases in the U.S. population aged 65 and 
above has skyrocketed over the past several decades (Bernstein & Munoz, 2012). Older adults 
affected by hypertension, heart disease and diabetes account for over half, almost one-third and 
nearly one-fifth of the U.S. older adult population respectively (Division for Heart Disease and 
Stroke Prevention, 2015; Go et al., 2013). Many of these health conditions can be prevented or 
managed by adopting healthy habits including a high FV intake as suggested in the 2015 Dietary 
Guidelines for Americans as well as the Scientific Report of the 2015 Dietary Guidelines Advisory 
Committee ("Scientific Report" 2015; U.S. Department of Agriculture and U.S. Department of 
Health and Human Services, 2015).  
 
Potential causes of poor eating habits in the older population include both individual factors and 
environmental factors (Story, Kaphingst, Robinson-O’Brien, & Glanz, 2008). Besides 
demographic factors such as gender, income and education levels, changes in metabolism, physical 
 
 
 2 
functions, mental and emotional capacities associated with the aging process can also influence 
older adults’ nutrition intake and health status (Dean, Raats, Grunert, & Lumbers, 2009; Fielding 
et al., 2011; Moss, Dhillo, Frost, & Hickson, 2012). In addition, environmental factors also play a 
role in shaping eating habits. These factors include food access and price, transportation and many 
other aspects in the community food environment (Story et al., 2008). While increasing FV 
ingestion would help achieve nutritional status and reduce the risk of chronic diseases, the current 
food environment can be challenging for older adults to navigate to improve FV consumption due 
to health impairment and the physical layout of the entities where older adults purchase and 
consume food (Munoz-Plaza et al., 2013).  
 
The purpose of my dissertation is to understand the importance of the food environment in enabling 
FV consumption among older adult consumers and to comprehensively identify which aspects of 
the food environment the community can improve to assist in older adult nutrition. 
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CHAPTER 2 
OLDER ADULT NUTRITION 
 
2.1 Older Adult Demographics 
The older adult population in the U.S. has been growing over the past three decades and will 
continue to grow in the next thirty years (Centers for Disease Control and Prevention, 2013b). Due 
to longer life expectancy and the aging of baby boomers (Centers for Disease Control and 
Prevention, 2013b), the proportion of older adults aged 65 and above in the total U.S. population 
has increased from 11.2% in 1980 to 13.0% in 2010 (Jacobsen, Kent, Lee, & Mather, 2011). It is 
predicted that about 20% of the total population will be 65 years and older by 2030 (Centers for 
Disease Control and Prevention, 2013b). As the causes of death have shifted towards chronic 
diseases, there is a continuously increasing share of older adults aged 85 and above (Jacobsen et 
al., 2011). By 2050, about 22% of all adults aged 65 and above would be 85 and older. This rapidly 
growing population of people over 65 years old is raising concerns about managing chronic health 
conditions and improving quality of life, which requires input from the whole society.  
 
In general, women in the U.S. have a longer life expectancy (84.7 years) at birth than men do (82 
years) (Jacobsen et al., 2011). Currently, women still make up the majority part of the older 
population. Although the increasing proportion of older males may decrease the number of women 
who live alone, about 40% of women over 65 are now living alone, which may influence their 
ability to obtain social support and health care, achieve economic well-being, and maintain a 
healthful eating plan as needed.  
 
The U.S. older adult population is also changing toward a more racially and ethnically diverse 
group (Centers for Disease Control and Prevention, 2013b). It is estimated that by 2050, non-
Hispanic white adults, which have always been the majority of the U.S. population, will only 
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account for 58% of adults aged 65 and over. The proportions of older African-Americans, older 
Asian-Americans and older Hispanics will increase by almost 50%, more than double and triple by 
2050, resulting in rising demand for culturally diverse food and nutrition-related programs (Mower, 
2008). 
 
The poverty rate in older adults has decreased from 25% in the 1970s to 9.5% in 2013 (DeNavas-
Walt & Proctor, 2014). The largest source of income in older adults is Social Security (Wu, 2012). 
Earnings are an increasing source of income, indicating that more and more older adults are still 
working after reaching 65 years old. People with lower income rely more on Social Security, which 
accounts for over 80% of their total income. Women over 65 who live alone have higher poverty 
rates than their married or accompanied counterparts as well as males over 65 (DeNavas-Walt & 
Proctor, 2014; Jacobsen et al., 2011). Education attainment rate has also been increasing over the 
past 40 years ("Federal Interagency", 2012). By 2010, about 80% of the older adults have received 
a high school diploma and over 20% of the older population held at least a bachelor’s degree. 
Income and education levels can be important determinants of lifestyles including eating and 
exercise habits as well as health outcomes (Han, Li, & Zheng, 2009; Kaplan, Huguet, Feeny, & 
McFarland, 2010; King et al., 2011; Nurk et al., 2009). It can be a challenge for older adults with 
low income and little education to manage their diets in order to maintain a desirable health status. 
 
2.2 Aging Process and Nutrition  
2.2.1 Physiological changes and nutrition 
Aging results in many physiological changes. One potential consequence of aging is altered 
gastrointestinal hormones that control appetite (Akimoto & Miyasaka, 2010; Moss et al., 2012). As 
humans age, the body is less likely to produce enough ghrelin leading to inability to sense hunger 
and more cholecystokinin which will further suppress appetite, making it more difficult for older 
adults to maintain adequate dietary intakes than young adults (Akimoto & Miyasaka, 2010; Nass 
 
 
 5 
et al., 2014; Schutte et al., 2007). Functional loss of taste buds can make the eating experience less 
appealing, which can cause inadequate dietary intake of energy and nutrients. Food intake and 
hormonal responses interact with each other mutually during the aging process. In an animal study, 
Shin and colleagues discovered age-related changes in taste cells that altered the regulation of taste 
bud hormones and responsivity to sweetness (Shin et al., 2012). This finding was confirmed by a 
longitudinal study that followed 191 participants for 10 years (Toffanello et al., 2010). Researchers 
in this longitudinal study found a significant increase in sweet eating habits, suggesting that the 
aging process might have caused an altered sense of taste. As a result, people tend to increase the 
consumption of softer, sweeter and more palatable foods. Vision impairments are another natural 
consequence of aging (Owsley, 2011). Older adults tend to have deficits in spatial contrast 
sensitivity, the ability to see under dim light and adapt to darkness, and the ability to process 
movement information. These impairments could hamper their daily activities of grocery shopping 
and food preparation, potentially leading to inadequate food intake.  
 
2.2.2 Functional changes and nutrition 
Aging is also coupled with loss of physical functions. Due to altered hormone secretion, lack of 
high-intensity physical activity, onset of chronic disease and nutritional deficiencies, many older 
adults develop sarcopenia, a condition of declining muscle mass as people age, which decreases 
their mobility (Fielding et al., 2011). The prevalence of sarcopenia is estimated between 5-13% in 
older adults aged 60 to 70 (von Haehling, Morley, & Anker, 2010). Loss of muscle mass puts older 
adults at higher risk for physical disabilities and makes it more difficult for them to conduct 
instrumental activities for daily living than young adults which include grocery shopping and food 
preparation (Hairi et al., 2010; Janssen, Baumgartner, Ross, Rosenberg, & Roubenoff, 2004). Other 
physical changes such as poor dentures may also require more efforts for older adults to eat normal-
textured food and consume adequate calories and nutrients, thus causing compromised diet quality 
(Savoca et al., 2009). In addition, many medications can also alter taste, smell, etc., which may 
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further impair older adult nutrition (Ahmed & Haboubi, 2010; Elterman, Mallampati, Kaye, & 
Urman, 2014). 
 
2.2.3 Mental status and nutrition 
Impaired mental status is associated with declined ability to obtain and cook food for oneself and 
maintain an adequate and varied diet to avoid under- or overnutrition and food insecurity in aging 
populations, while food insecurity could further reduce diet quality (Dean, Raats, Grunert, & 
Lumbers, 2009; Kamp, Wellman, & Russell, 2010). Caligiuri and colleagues confirmed that better 
mental status was associated with higher consumption of FV as well as a higher number of food 
groups consumed in 736 Canadian men with an average age of 79.4 after following them for 5 
years (Caligiuri, Lengyel, & Tate, 2012). Gao et al. also found an inverse correlation between 
cognitive functions and food insecurity among a group of Puerto Ricans aged 45-75 living in 
Massachusetts (Gao, Scott, Falcon, Wilde, & Tucker, 2009). Reciprocally, some specific nutrients 
and food items such as flavonoids, vitamin D, nuts, fish, fruits and cruciferous and dark green leafy 
vegetables can also attenuate the aging-related process of mental deterioration in older adults 
(Cherniack, Troen, Florez, Roos, & Levis, 2009; Gu, Nieves, Stern, Luchsinger, & Scarmeas, 2010; 
Nurk et al., 2009). A longitudinal study showed a positive impact of the adherence to a variety of 
recommended foods that can decrease risk of all-cause and cardiovascular disease mortality on 
cognitive status in adults aged 65 and above in Utah after 11 years of follow-up (Wengreen, Neilson, 
Munger, & Corcoran, 2009). 
 
2.2.4 Emotional changes and nutrition  
The aging process is linked to emotional changes. Many events that happen through the lifespan 
can cause fluctuations in emotions and consequently influence an individual’s ability to maintain a 
healthy lifestyle and adequate food intake. Loss of family and friends, living or eating alone and 
social isolation all increase older adults’ risk of developing symptoms of depression (Golden et al., 
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2009; Kimura et al., 2012). Depression is associated with poor nutritional status, food insufficiency, 
undesirable body mass index (BMI) in older adults from different countries (Engel et al., 2011; 
German et al., 2011; Jeffery et al., 2009; Kimura et al., 2012). Especially in economically insecure 
community-dwelling older populations, food insufficiency is more commonly associated with 
depression rather than age, gender, cognition or physical functioning (German et al., 2011). 
Depression can also cause either overconsumption of calorie-dense foods including sweets or 
inadequate consumption of calories leading to decreased BMI (Jeffery et al., 2009; Kimura et al., 
2012). Monitoring food intake and providing nutrition interventions that specifically target 
depression should be priorities to prevent undesirable health outcomes. Sufficient social support 
from both informal and formal sources can help reduce the risk of developing depression and is 
associated with higher expectations of aging independently in one’s own home and community 
(Tang & Lee, 2011). Social support networks and activities are important to help older adults make 
informed decisions and promote successful aging. 
 
2.3 Overall Diet Quality and Fruit and Vegetable Consumption of Older Adults 
The overall diet quality of adults aged 60 and above in the U.S. is better than the general adult 
population aged 20 and above (Breslow, Guenther, Juan, & Graubard, 2010; Ervin, 2008). However, 
in general, the diet quality of older adults still does not meet the recommendations of the 2015 
Dietary Guidelines for Americans with a low variety of food items consumed daily. The mean 
Healthy Eating Index (HEI) score among adults aged 65 and above was 68 according to NHANES 
2011-2012, which was markedly lower than the cutoff score of 80 for a good diet (Healthy Eating 
Index, 2014). An average diet of older adults is characterized by inadequate intake of total fruit, 
total and subgroups of vegetables, whole grains, dairy, and unsaturated fatty acids and excessive 
intake of sodium and empty calories. Almost 60% exceed the upper levels of recommended sodium 
and fat consumption. Brennan et al. reported infrequencies of fruit consumption (defined as never 
being consumed or less than once a month) from 5.7% to 36.5% in Australian older adults, who 
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follow a similar western diet as many Americans do, depending on the type of fruits (Brennan, 
Singh, Liu, & Spencer, 2010). The most commonly consumed vegetables were carrots, potatoes, 
tomatoes, lettuce and side salads. The percentages of infrequent consumption of the other twenty 
types of vegetables ranged from 5.7% for peas to 82.0% for soy beans in the study population.  
 
Diet quality disparities are linked to various factors when looking at different components of the 
HEI. These factors include age, gender, race and ethnicity, education, smoking status, tooth 
retention, self-reported health, BMI, and neighborhood food environment (Ervin, 2008; Moore, 
Diez Roux, Nettleton, & Jacobs, 2008; Moore, Diez Roux, Nettleton, Jacobs, & Franco, 2009; 
Savoca et al., 2009). In general, U.S. adults in their 70s and 80s consumed more fruits and sodium, 
and fewer meats and vegetables than the younger older-adults in their 60s (Ervin, 2008). 
Race/ethnicity and gender are also associated with diet quality (Ervin, 2008). Non-Hispanic whites 
had a diet that was healthier in general, compared with non-Hispanic blacks and Mexican 
Americans. Females scored significantly higher on fruit intake and the overall HEI score than males 
did. Loss of teeth may be one of the reasons that make it more difficult for adults over 70 to meet 
the recommended servings of vegetables including dark green and orange vegetables, resulting in 
inability to meet a good diet defined by the HEI (Savoca et al., 2009). The Multi-Ethnic Study of 
Atherosclerosis evaluated the association between overall diet quality and neighborhood fast-food 
exposure in U.S. adults aged 45-84 (Moore et al., 2009). With increased exposure to fast-food in 
the neighborhood, participants had a lower tendency to have a healthy overall diet.  
It is important to monitor the overall diet in older adults because diet quality is negatively associated 
with disease morbidity and mortality in older adults globally (Anderson et al., 2011; McNaughton, 
Bates, & Mishra, 2012). According to a review conducted by Boeing et al. (2012), there is 
convincing evidence suggesting the protective effects of adequate FV consumption on disease 
prevention directly and indirectly, including hypertension, coronary heart disease and stroke. 
Positive evidence was also found to support the inverse relationship between FV consumption and 
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the risk of cancer in general, one of the leading causes of death along with heart disease in older 
adults (Centers for Disease Control and Prevention, 2015). In addition, since consuming adequate 
FV can improve weight status, it may indirectly reduce the risk of type 2 diabetes (Boeing et al., 
2012). However, few studies have investigated the impact of FV on disease risks in older adults 
(Nicklett & Kadell, 2013). 
 
2.4 Undernutrition and Nutrient Deficiencies in Older Adults 
2.4.1 Energy and protein deficiencies 
The true prevalence of malnutrition in U.S. older adults is unknown. Studies reported malnutrition 
in a range of 12%-15% of the study populations including elderly veterans and non-critically ill 
older adults (Burks, 2017; Win, 2017). Data all over the world suggested rates of malnutrition in 
men from 9.5% in community-dwelling men to 45.2% in hospitalized men and 5.3% in community-
dwelling women to 36.0% in hospitalized women (Kaiser et al., 2010). Contributors to malnutrition 
include diseases that may cause involuntary weight loss, certain medications, low functional status, 
depression and inadequate energy and nutrient intakes (Johansson, Bachrach-lindstro, Carstensen, 
& Ek, 2008). Since malnutrition is an independent predictor of mortality, it is important that older 
adults maintain adequate energy intake over the long term (Robertson & Montagnini, 2004). In a 
study conducted by Sharkey and colleagues within a group of 345 home-bound older adults 
receiving home-delivered meals, the average participant only achieved 69.5% of the recommended 
energy intake for adults aged 51 and above (Sharkey et al., 2002). Lower energy intake was also 
found in women and those with low income and a diminished sense of taste, and who skipped 
breakfast. Thus, some supplemental assistance is needed to support adequate energy intake in older 
adults especially those who are home-bound.  
 
Protein supports the structure and functions of muscle mass, which is important yet diminishing in 
older adults mainly due to inadequate protein intake and physical inactivity (Delmonico et al., 2009; 
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Fielding et al., 2011). Although older adults both living alone and with someone else spend no less 
money on food than young adults living with someone, older adults tend to eat less protein 
(Coleman-Jensen, Nord, & Singh, 2013; Fulgoni, 2008). Fulgoni found that approximately 10-25% 
of adults aged 51 and above had a protein intake lower than the Recommended Dietary Allowance 
(RDA) based on the National Health and Nutrition Examination Survey (NHANES) data, 
especially women (Fulgoni, 2008). Moshfegh et al. found that 11% of women older than 70 years 
had a protein intake lower than the Estimated Average Requirement (EAR) from the NHANES 
2001-2002 data (Moshfegh, Goldman, & Cleveland, 2005). Many studies have suggested that the 
current recommendation of protein does not take into consideration older adults’ unique needs and 
elevated muscle loss; they could be at a much higher deficit of protein intake (Gaffney-Stomberg, 
Insogna, Rodriguez, & Kerstetter, 2009; Kurpad & Vaz, 2000; Morse, Haub, Evans, & Campbell, 
2001; Volpi et al., 2013). 
 
Loss of lean body mass combined with increased body fat causes sarcopenia obesity (a combination 
of muscle mass loss and obesity), which is a positive predictor of developing physical disabilities 
and abnormalities in balance (Baumgartner et al., 2004; Fielding et al., 2011). Older adults with 
poor nutrition and health status may enter a vicious cycle that further impedes their ability to ensure 
adequate nutrition intake and maintain health. Causes of sarcopenia include genetics, hormonal 
changes associated with aging, inadequate dietary intakes, physical inactivity and some chronic 
health conditions including insulin resistance and atherosclerosis, many of which can be prevented 
or improved by nutrition interventions (Fielding et al., 2011; Gaffney-Stomberg et al., 2009; 
Nieuwenhuizen, Weenen, Rigby, & Hetherington, 2010; Volpi et al., 2013).  
 
2.4.2 Micronutrient deficiencies  
Older adults tend to have a decreased need of energy intake yet still need the same or even higher 
amounts of micronutrients to maintain normal body functions or prevent certain disease, which can 
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be more challenging for them to avoid developing micronutrient deficiencies than younger adults 
(US Department of Agriculture, Food and Nutrition Information Center 2010; Cherniack, Troen, 
Florez, Roos, & Levis, 2009;  Fielding et al., 2011; Gu, Nieves, Stern, Luchsinger, & Scarmeas, 
2010; Kurpad & Vaz, 2000; Vieth, Ladak, & Walfish, 2003). The most common nutritional issues 
in older adults in the U.S. involve deficiencies of vitamin B12, vitamin D and calcium, and various 
antioxidants (Bernstein & Munoz, 2012). About 6% of adults over 60 in the U.S. and the U.K. are 
vitamin B12 deficient, with an increasing trend of prevalence as age group increases (Allen, 2009). 
Another 16% of the population has marginal vitamin B12 status as they age. The 2005-2006 
NHANES data shows that 17.0% of US adults aged 65 years or older have vitamin D deficiency 
(Bailey, Dodd, et al., 2010). While a poor diet can cause nutrient deficiencies of vitamin B12, folic 
acid, vitamin D and calcium, these deficiencies can also hinder older adults’ abilities to maintain a 
good nutrition and health status. Lacking these nutrients causes anemia, osteoporosis and 
neurologic complications that can affect functions needed for purchasing and preparing food 
(Bernstein & Munoz, 2012).  
 
2.4.3 Fiber consumption and dehydration 
The average dietary fiber intake of older adults is about half of the recommended levels (Bernstein 
& Munoz, 2012; D. E. King, Mainous, & Lambourne, 2012). Dietary fiber intake has not improved 
over the past decade, with a decreasing trend as the age group increases. Fiber has many functions, 
including regulating glucose and insulin metabolism, reducing serum cholesterol levels, serving as 
prebiotics for the human microbiome, reducing risks for certain types of cancer and bowel diseases 
and symptoms such as inflammatory bowel diseases and constipation (Donini, Savina, & Cannella, 
2009). Donini et al. (2009) suggested that the prebiotic effects of dietary fiber are particularly 
important for older adults due to the age-related changes in the microbiota in their digestive system. 
Changes in the microbiota may make older adults more susceptible for immune system 
malfunctions and diseases. In addition, many foods with low fiber content contribute to 
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discretionary calories and cause inadequate micronutrient intake, which may put older adults at risk 
for many diseases that will hinder their ability of preparing and consuming food (Bernstein & 
Munoz, 2012).  
 
Besides fiber, many older adults do not meet the recommended amount of fluid intake to prevent 
dehydration, one of the major nutritional problems in older adults especially in people over 85 
(Bernstein & Munoz, 2012). Physiological changes related to aging can cause inadequate fluid 
intake due to the sensory loss of thirst. Other major contributors to dehydration in older adults are 
intentional avoidance, lack of awareness and understanding, poor access to fluids and social and 
environmental influences (Abdallah, Remington, Houde, Zhan, & Melillo, 2009). In extreme cases, 
dehydration can cause cognitive impairment and functional loss which will inhibit healthy eating. 
A national study of 3,397 US adults showed that low FV intake was also associated with low water 
intake (Goodman et al., 2013). Increasing fresh FV intake is a good way to decrease the risk of 
dehydration since fresh FV have high water content. 
 
2.5 Overconsumption of Calories and Nutrients 
2.5.1 Calorie overconsumption in older adults 
Not only is energy deficiency a concern in older adults, energy overconsumption also causes issues 
in many older adults (Bernstein & Munoz, 2012). The obesity epidemic has an influence on older 
adults. Defined as having a BMI of 30 and above, the prevalence of obesity among adults aged 65 
and above was 34.6% in 2007 to 2010 with a higher rate among people aged 65 to 74 than those 
aged 75 and above (Fakhouri, Ogden, Carroll, Kit, & Flegal, 2012). The high obesity rates can be 
attributed to excess energy intake in combination with inadequate physical activity (Kuczmarski & 
Weddle, 2005). Many studies have linked overconsumption of foods high in empty calories to the 
development of chronic diseases and compromised abilities to maintain adequate food and nutrient 
intake needed for healthy aging (Andreyeva, Long, & Brownell, 2010; Breslow et al., 2010; 
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Kearney, 2010; Micha, Wallace, & Mozaffarian, 2010). It is very challenging for older adults to 
consume adequate nutrients without exceeding energy consumption (Bernstein & Munoz, 2012; 
Dietary Reference Intakes (DRIs): Recommended Dietary Allowances and Adequate Intakes, 
vitamins, 2010).   
 
2.5.2 Nutrient overconsumption in older adults 
A major trend in food consumption all over the world including older adults in the US is the 
westernization in people’s diets, classified as increased intake of meat, fat, sugar, salt and processed 
foods (Kearney, 2010). Sodium is one of the main concerns in older adults, both because the kidney 
has reduced ability to excrete sodium as people age and because older adults have sodium intake 
higher than recommended (Lichtenstein, Rasmussen, Yu, Epstein, & Russell, 2008). Although 
adults over 51 years old benefit especially from reducing sodium intake regarding risk for 
hypertension and cardiovascular disease, many older adults consume twice or more the 
recommended amount of sodium (Aburto et al., 2013; Freedman & Keast, 2012; Lichtenstein et al., 
2008; Centers for Disease Control and Prevention, 2011). An Australian cohort study also shows a 
trend of increased sodium intake as people age over the 10-year follow-up (Flood et al., 2010). The 
top five food sources of sodium in the diets of US adults aged 19 and above include yeast breads, 
chicken and chicken mixed dishes, pizza, pasta, and cold cut meats (Freedman & Keast, 2012). The 
underlying reason might be that older adults need more sodium to enhance the taste of the food due 
to sensory loss related to aging. However, sodium substitutes as well as herbs, spices, etc. could 
enhance the flavors without increasing sodium intake and also showed promising effects on 
cardiovascular disease prevention (Chang et al., 2006; Cook et al., 2007).  
 
Fat is one of the few nutrients that has an upper limit for consumption. Lean cuts of meat and low-
fat dairy are recommended to reduce risk of mortality in older adults (Bernstein & Munoz, 2012). 
However, the current intake of fat and saturated fat in older adults in the U.S. is not satisfactory 
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compared to the recommendations. Most American adults, including older adults, exceed the upper 
limit of percentage of calories from fat by consuming more energy-dense foods such as meat and 
dairy and not enough nutrient-dense foods such as whole grains and FV (Bachman, Reedy, Subar, 
& Krebs-Smith, 2008). Nearly half of the discretionary calories come from solid fat.  
 
2.6 Nutrition-related chronic diseases  
Chronic diseases are a combined consequence of the genetics, personal lifestyle habits and the 
environment (Ben-shlomo & Kuh, 2002; Scheuner, Wang, Raffel, Larabell, & Rotter, 1997). Social 
and food-related environmental factors play a role in why people including older adults make 
certain choices in their dietary intake and physical activities (Larson & Story, 2009). The 
availability and cost of healthy foods, transportation to food resources, the safety of the 
neighborhood and promotions on certain foods all influence one’s decision of what food to 
purchase. 
 
The prevalence of all kinds of nutrition-related chronic diseases keeps rising in the US, especially 
in the older adult population (Bernstein & Munoz, 2012; Kuczmarski & Weddle, 2005). 
Approximately two in three adults aged over 65 experience cognitive or physical issues in aging 
(Jeste, Depp, & Vahia, 2010). Over half of the U.S. older adults have hypertension, with an 
increasing trend as people age (Division for Heart Disease and Stroke Prevention, n.d.). The highest 
rate of hypertension is seen in US women aged 75 years and older, which is 78.5%. Although more 
people have become aware of their blood pressure conditions in the past two decades, especially 
older adults, about 80% of people with hypertension still do not know that they have it (Go et al., 
2013). As the number one cause of death, heart disease affects almost one-third of the older 
population, which makes up half of the total population with one or more types of heart disease 
(Bernstein & Munoz, 2012; Go et al., 2013).  One study reported that slightly over 20% of its 
participants with a mean age of 76 years developed aortic stenosis during the 5-year follow-up 
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(Sengeløv, 2018). Nearly 20% of people over 65 years old have been diagnosed with diabetes. 
Maintenance of an ideal body weight, and consuming a generally healthy diet high in FV and low 
in meat, sweets, high-fat dairy and refined grains is suggested as a means to decrease the risks for 
type 2 diabetes, cardiovascular disease, as well as certain cancer such as colorectal cancer 
(Bernstein & Munoz, 2012; Z. Chen, Wang, Woodrow, Roebothan, & Parfrey, 2015; Tourlouki, 
Matalas, & Panagiotakos, 2009).  
 
Many older adults living with chronic diseases may have to alter their eating habits while losing 
the ability to cook and feed themselves. According to the recommendations of the American Heart 
Association, older adults living with heart disease need to be careful about the amount of fat, 
cholesterol, added sugar and alcohol that they consume in order to prevent and fight heart disease 
(American Heart Association, 2014). The Dietary Approaches to Stop Hypertension (DASH) 
eating plan is also recommended for people with newly diagnosed hypertension, which encourages 
consumption of FV, whole grains, low fat dairy and lean meats, nuts and seeds, and to avoid fats 
and sweets (Mayo Clinic, n.d.). Patients with chronic kidney disease also need to watch the balance 
of the different electrolytes, minerals and fluid they consume (S. Miller, U.S. National Library of 
Medicine, & National Institutes of Health, n.d.).  
 
However, not everyone is capable of controlling his or her health conditions. Koro et al. found a 
decrease in glycemic control rate over a 12-year period among 3,810 U.S. adults diagnosed with 
type 2 diabetes (Koro, Bowlin, Bourgeois, & Fedder, 2004). A study looking at chronic disease 
management among adults aged 65 and older showed less than optimal goal-attainment rate for 
treatment (McDonald, Hertz, Unger, & Lustik, 2009). A range of 48.8% to 64.9% of the study 
population reached the treatment goals for hypertension, dyslipidemia and diabetes. Some 
environmental supports may facilitate the adherence to recommended dietary practices and manage 
the disease progress. More details about the food environment will be discussed in Chapter 3. 
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2.7 Nutrition assessment in older adults 
2.7.1 Anthropometric assessment in older adults 
Anthropometric assessment is easy and inexpensive. Many studies and evaluation programs adopt 
anthropometric measures as indicators of nutritional and health status when evaluating disease risks 
and the effectiveness of interventions (Phillips, Foley, Barnard, Isenring, & Miller, 2010). BMI is 
one of the most commonly included metric because it is easy to obtain and is meaningful to predict 
disease risks and all-cause mortality in older adults (Ahmed & Haboubi, 2010; Miller et al., 2008). 
Self-reported BMI bias increased over a 20-year follow-up in a group of 740 community dwelling 
adults aged 40-88 at baseline, however, the difference between self-reported and measured BMI 
did not substantially increase the risk of weight status misclassification (Dahl, Hassing, Fransson, 
& Pedersen, 2010). Another study conducted in 608 Australian adults with an average age of 61 
also found a strong correlation between self-reported and measured height, weight and BMI, with 
no significant difference between middle-aged and elderly participants (Ng et al., 2011). There was 
also no significant difference in health risk estimates between using self-report and measured BMI 
values, although participants with a BMI over 28 tend to underestimate their BMI (Stommel & 
Schoenborn, 2009). Skinfold measurement is another anthropometric measurement used to 
evaluate lean body mass. The combination of skinfold thickness and mid upper arm circumference 
is an independent predictor of mortality in older adults (Landi et al., 2010). However, 
anthropometric measures in some cases may not be the best predictor of older adults’ health status. 
Measurement and interpretation of BMI in older adults can be distorted due to loss of height and 
changes in body composition (Ahmed & Haboubi, 2010). It can be hard to decide which 
measurement can best reflect older adults’ health risks. Wannamethee and colleagues used different 
adiposity measures including BMI, waist circumference and waist-to-hip ratio to predict risk of 
diabetes in non-diabetic adults aged 60 to 79 over a follow-up of 7 years (Wannamethee et al., 
2010). The differences in the adjusted relative risks of people in the highest quartile to the lowest 
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quartile could be as high as three folds among different adiposity measures. Inclusion of waist 
circumference did not help predict risk of diabetes more accurately compared with using BMI alone.  
 
2.7.2 Biochemical assessment in older adults 
Biochemical assessment usually involves relatively invasive methods to obtain levels of 
biomarkers and nutrient status than other nutrition assessments. For example, it can involve 
assessment conducted with blood samples or liver biopsies (Pfeiffer et al., 2007; Vernon, Baranova, 
& Younossi, 2011). Serum proteins such as albumin, transferrin and retinol-binding proteins are 
commonly used to evaluate the risk of malnutrition in older adults (Ahmed & Haboubi, 2010). 
Serum levels of nutrients are used to assess nutrient deficiencies, predict disease risks and mortality 
in older adults (Bailey, Mills, et al., 2010; Malavolta et al., 2010; J. H. Y. Wu et al., 2012). 
Biomarkers of inflammation including pro-inflammatory cytokines and acute phase reactants are 
commonly used to evaluate chronic inflammation and infection in older adults (Beavers et al., 
2011). Some limitations associated with biomarkers include variable protein expression by 
individuals, determination of the types and levels of biomarkers classifying diseases, and verifying 
the projected relationships between biomarkers and their corresponding diseases (Beavers et al., 
2011; Jenab, Slimani, Bictash, Ferrari, & Bingham, 2009). In addition, there is no single 
biochemical marker that can be used as a screening tool for malnutrition in older adults (Ahmed & 
Haboubi, 2010). 
 
2.7.3 Clinical assessment in older adults 
Clinical assessment is a process of screening people at risk of developing poor nutritional status or 
disease conditions by evaluating signs, symptoms and medical history (Mueller, Compher, & Ellen, 
2011). Many signs and symptoms are indicators of nutrient deficiencies (Ahmed & Haboubi, 2010). 
For example, dry scaly skin may be a sign of zinc and essential fatty acid deficiencies. Thin and 
depigmented hair may indicate poor protein status. Night blindness is often caused by vitamin A 
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deficiency. Some tools were developed to rate nutritional or disease status based on clinical 
assessment quantitatively. For example, the Comprehensive Geriatric Assessment is an instrument 
with 40 items that quantifies the symptoms, signs and medical history to evaluate older adults’ 
frailty levels inclusively (Rockwook & Mitnitski, 2007). Many tools are clinically used to screen 
or assess nutritional status in patients to prevent or improve malnutrition using information on 
changes in weight, appetite, ability to eat, gastrointestinal function and physical symptoms 
including subcutaneous fat, muscle wasting, edema etc. (Mueller et al., 2011). The Short Nutritional 
Assessment, one of the many screening and assessment tools, helped health care providers better 
recognize and treat malnutrition in a group of malnourished Dutch patients with a mean age of 62 
compared to a control group which only received routine clinical care (Kruizenga, Tulder, Seidell, 
Thijs, & Ader, 2005). However, while some of these signs and symptoms are more commonly 
known to the public and can easily be pointed out and linked to a nutrient deficiency, others may 
require professionally trained clinical staff to identify (Mueller et al., 2011). 
 
2.7.4 Dietary assessment in older adults 
Different methods can be used to quantify dietary intakes. Many studies use 24-hour recalls to 
estimate daily dietary intake, which captures detailed descriptions and quantities of what people ate 
in the previous 24 hours (Bachman et al., 2008; Breslow et al., 2010; Freedman & Keast, 2012; 
Savoca et al., 2010; Wengreen et al., 2009). It usually requires a trained interviewer to conduct 24-
hour recalls in person or over the phone. Food intakes obtained via 24-hour recalls can be different 
from people’s usual dietary patterns, which can be affected by seasonality, variations from day to 
day, special occasions and recall bias (Breslow et al., 2010; Freedman & Keast, 2012). Some 
researchers try to achieve a more accurate estimate of people’s long-term intakes by repeating 24-
hour recalls on different days, which is a good way to investigate distributions of food intakes in 
population subgroups such as older adults (Freedman, Guenther, Dodd, Krebs-smith, & Midthune, 
2010; Locher et al., 2009). Food records is another way to assess dietary intake by recording all 
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food and beverages people consume over a period of time from 2-3 days to a week. Food frequency 
questionnaire captures people’s usual intakes in a long term, taking account of seasonal and daily 
variations. These measurements are all self-reported dietary intakes, which in general arouse the 
concern of misreporting (de Vries, de Groot, & van Staveren, 2009; Lutomski, van den Broeck, 
Harrington, Shiely, & Perry, 2011; Poslusna, Ruprich, de Vries, Jakubikova, & van’t Veer, 2009; 
Shahar et al., 2010). There is no obvious evidence suggesting different levels of accuracy and 
difficulty of implementing dietary assessment in older adults compared to other populations. 
 
2.8 Summary 
Among the numerous ways of improving the eating habits of older adults in the US, increasing FV 
consumption can help tackle many problems at the same time, including reducing the risks of 
nutrient imbalance and dehydration, preventing and managing health conditions and chronic 
diseases. However, older adults face many barriers that prevent them from eating healthfully (Story 
et al., 2008). Challenges and barriers of achieving optimal FV intake exist at both individual and 
environmental levels, including functional impairment, loss of appetite and teeth, lacking social 
support and assistance and low availability in the neighborhood food environment (Nicklett & 
Kadell, 2013). Although increasing the consumption of FV and decreasing the consumption of 
energy-dense and processed foods may be able to help older adults delay the onset or better manage 
many chronic health conditions, changes associated with aging may require special 
accommodations to assist older adults with meal planning and preparation (Nicklett & Kadell, 
2013).  
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CHAPTER 3 
THE FOOD ENVIRONMENT AND OLDER ADULT NUTRITION 
 
3.1 The importance of the local food environment in determining eating behaviors 
3.1.1 Classifications of the food environment 
Food environments can be categorized into school food environments, worksite food environments, 
home food environments, and community and consumer food environments, based on under which 
settings food-related behaviors happen (Glanz, 2009). For many older adults, community and 
consumer food environments could be the most important settings outside home where they 
normally lack control over what might be available. Community food environments describe the 
availability and accessibility of food sources such as supermarkets, grocery stores, convenience 
stores, restaurants, etc. (Glanz, Scallis, Saelens, & Frank, 2005). Attributes include the number, 
type and location of these places. Consumer food environments depict the characteristics in and 
around the food outlets that consumers will experience, including the availability, cost and quality 
of the products in the outlets.  
 
3.1.2 Impact of the food environment on Body Mass Index  
Many studies looking into the associations between different aspects of community and consumer 
food environments and Body Mass Index (BMI) found conflicting results. These aspects include 
density of establishments of interest, proximity to certain types of stores and in-store availability. 
Li and colleagues found a significantly higher odds of being obese among residents living in high-
density fast food-outlet neighborhoods who visited fast-food or buffet restaurants weekly compared 
to those living in low-density fast-food outlet neighborhoods (Li, Harmer, Cardinal, Bosworth, & 
Johnson-Shelton, 2009). The significance remained for comparisons based on some individual 
characteristics, including physical activity level, self-efficacy in eating healthy food, and being 
non-Hispanic black. Another study conducted by Lopez found a poor association between fast food 
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establishment density and obesity risk after conducting secondary data analyses on the U.S. 
Behavioral Risk Factor Surveillance System (BRFSS) and the U.S. Census data for Eastern 
Massachusetts (Lopez, 2007). Higher neighborhood density of small grocery stores was associated 
with higher BMI in women living in agricultural regions of California (Wang, Kim, Gonzalez, 
MacLeod, & Winkleby, 2007). This is consistent with what Morland and Evenson found with a 
random sample in two geographic locations that the prevalence of obesity was higher in areas with 
small grocery stores and fast-food restaurants (Morland & Evenson, 2009). Based on Wang’s 
results, women living closer to chain supermarkets had higher BMI, which conflicted with 
Morland’s results that the presence of a supermarket or grocery store was associated with reduced 
obesity risk (Morland & Evenson, 2009; Wang et al., 2007). Lopez also only found a marginally 
lower risk of obesity associated with the presence of supermarkets (Lopez, 2007). Gender 
differences could partially explain the association since the Lopez and Morland studies looked at 
the effect of supermarkets on obesity rate in both genders while the Wang study only investigated 
women (Wang et al., 2007). Rose assessed the consumer food environment by measuring 
cumulative shelf-space of selected foods within defined distances of each respondent (Rose et al., 
2009). Results suggested a very weak link between the shelf-space of energy-dense snacks and 
BMI. The shelf-space of FV were not found associated with BMI, either combined or separately. 
One reason that may explain the inconsistency in the relationship between the food environment 
and BMI is that previous studies investigated different features of the food environment with a 
variety of measures, which makes it hard to draw a conclusion about the impact of the food 
environment on BMI values.  
 
3.1.3 Impact of the food environment on dietary intakes and nutritional status 
Dietary intakes were also found related to the food environment with mixed results. High 
availability of fresh fruits and/or vegetables in grocery stores was usually considered a positive 
predictor of a healthy diet, while living close to fast-food restaurants was considered the opposite 
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in U.S. adults and Australian children (Izumi, Zenk, Schulz, Mentz, & Wilson, 2011; Moore et al., 
2008; Sallis & Glanz, 2006; Timperio et al., 2008). In contrast, although greater fresh vegetable 
availability was a positive predictor of vegetable intake, fresh fruit availability was not associated 
with fruit intake in Bodor’s study conducted in urban adult residents in central-city New Orleans, 
Louisiana (Bodor, Rose, Farley, Swalm, & Scott, 2008). Possible reasons may be that the small 
study sample was from a confined geographic area with similar exposure to food stores. This 
population also had a higher than average FV consumption. The low response rate could have 
underrepresented African Americans and people living under the poverty line and biased the results. 
Access to supermarkets, which were mostly believed to carry fresh FV, was associated with a 
healthy diet measured by the Alternate Healthy Eating Index and an index measuring dietary 
patterns of fat and processed meat consumption in Moore’s study (Moore et al., 2008). Sharkey et 
al. also found negative associations between FV consumption and increased distance to 
supermarkets in a group of rural seniors using both objective and perceived measures (Sharkey, 
Johnson, & Dean, 2010). However, access to supermarkets was not always a predictor of healthy 
food consumption. Pearce et al. found no relationship between access to supermarkets and 
vegetable intake in over 12500 New Zealand adults aged 15 and above (Pearce, Hiscock, Blakely, 
& Witten, 2008). Timperio et al. found that the likelihood of consuming the recommended amount 
of vegetables was positively associated with the distance to the closest supermarket and fast food 
store among Australian children aged 5-6 and 10-12 years old (Timperio et al., 2008). The 
conflicting results could be due to the nature of the study populations and how the researchers 
measured the food environment. Limitations may include usage of inaccurate secondary spatial 
data, inabilities to verify the stock and variety of foods available in the stores and including stores 
outside of the study areas where participants might have purchased food, which could have led to 
an inaccurate or incomprehensive evaluation of the food environment. Besides availability and 
accessibility of healthy foods, prices of food are also predictive of purchasing behaviors. Price-
reducing strategies were associated with increased FV purchases, thus leading to improved 
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consumption (Phipps et al., 2014). Griffith et al. claimed that lack of social support was one barrier 
of male consumers to consuming recommended levels of FV (Griffith, Cornish, Mckissic, & Dean, 
2016). Positive perceptions of the food environment are thought to shift the consumption away 
from unhealthy foods including fast food, which may indirectly increase consumption of healthy 
foods (Lucan & Mitra, 2012). Many of these environmental factors are critical in determining 
eating behaviors in older adult populations as well.  
 
A social ecological framework for determinants of eating behavior in older adults identifies factors 
that can influence older adult dietary intake and nutritional status (Appendix A) (Booth et al., 2001; 
Cohen, n.d.). Besides individual and family-level factors including genetics, health status, life 
experiences, etc., the framework displays determinants found in the social and physical 
environment. Enablers of choice are factors that can facilitate behavioral change, either desirable 
change or undesirable change. Behavioral settings are places where older adults access or make 
decisions about food and related information. Previous studies conducted among a panel of national 
experts in gerontology and geriatrics and a group of community organization professionals working 
with older adults respectively identified the most important determinants of eating behaviors in 
older adults as accessibility, social support, affordability and living accommodations (Cohen, n.d.; 
Sylvie, Jiang, & Cohen, 2013). The most important behavioral settings perceived by the expert 
panel were congregate nutrition sites and food stores, followed by senior housing, health care 
settings, religious settings and restaurants.  
 
3.1.4 Time Effect of the Food Environment 
Observational studies all adopt a cross-sectional design, which are not able to draw a causal 
relationship. Some longitudinal studies examined the relationships between the food environment 
and dietary intake and health outcomes taking into consideration the changes over time (Block, 
Christakis, O’Malley, & Subramanian, 2011; Boone-Heinonen et al., 2011; Gibson, 2011; Li, 
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Harmer, Cardinal, & Vongjaturapat, 2009). However, mixed results made it difficult to draw a 
conclusion. Gibson (2011) examined over 8000 respondents from the National Longitudinal Survey 
of Youth 1979 and found that the density of small grocery stores was positively associated with 
obesity. The longitudinal data also suggested that for individuals who moved from rural to urban 
areas over a 2-year time period, the changes in the densities of supermarkets, small grocery stores 
and full-service restaurants were significantly associated with the changes in BMI. Although the 
study considered the changes of the neighborhood food environment, it lacked the information on 
individual history. Not measuring the food environments outside of the specified neighborhoods or 
the establishments that were outside of a zip code area but near it could have biased the results. 
Boone-Heinonen et al. (2011) analyzed longitudinal data collected over 15 years from the Coronary 
Artery Risk Development in Young Adults and found generally no significant association between 
supermarket or grocery store availability and diet quality as well as FV intake. Fast food 
consumption was related to fast food availability in low-income respondents with varied results in 
other income groups. Li also found that the density of fast-food restaurants was associated with 
increased blood pressure over time (Li, Harmer, Cardinal, & Vongjaturapat, 2009). However, the 
relationship diminished when high walkability was present in the neighborhood built environment. 
In another cohort study where the researchers examined the relationships between BMI and 
proximity to different types of food establishments over a course of 30 years, greater proximity to 
both fast-food restaurants and grocery stores was found significantly associated with a lower BMI, 
especially in women (Block et al., 2011). Other food establishments were not related to BMI. 
Although this study followed the subjects for a long time, it was still possible to misclassify food 
establishments over time. The researchers did not measure the food environment near the 
workplace, which could have accounted for a considerable portion of participants’ food 
consumption. Zenk et al. found that BMI was positively associated with small grocery store access 
and negatively associated with perceived FV availability from data collected in 2002 and 2008 
(Zenk, Mentz, Schulz, Johnson-Lawrence, & Gaines, 2017). However, BMI was not associated 
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with access to large grocery stores or observed FV availability. Limitations of the study include 
that researchers did not follow the subjects from baseline and was conducted in a small sample in 
an urban setting. Future studies may benefit from capturing dietary and BMI changes caused by 
relocations and shifts in the community food environment.  
 
3.1.5 Impact of perceived food environment on dietary intakes 
Objective measures of the food environments may not fully explain consumers’ behavior very 
likely due to the fact that consumers often do not perceive certain resources or food groups as 
available (Chen & Kwan, 2015). An analytic framework of the uncertain geographic context 
problem identified perceived nutrition environment as one of three key dimensions to study the 
influences of the food environment on individuals’ dietary behaviors (Chen & Kwan, 2015). 
Caldwell et al. in Colorado surveyed 130 participants of community-based lifestyle interventions 
at baseline, end of intervention and 1-year follow-up on their perceived access to FV as well as 
their FV intakes (Caldwell, Kobayashi, Dubow, & Wytinck, 2008). Participants with higher 
perceived access to FV had greater increases in FV intakes after participating the interventions. 
Sharkey and colleagues similarly found that measures of both objective and perceived food store 
access were associated with FV consumption in 582 rural seniors recruited by random digit dialing 
(Sharkey et al., 2010). Lower perceived grocery store access and fruit/vegetable variety was 
associated with lower dietary intake of FV. Participants had concerns about the variety, freshness 
and price of FV. Wetherill and Gray also reported that low perceived accessibility of FV could lead 
to underutilization of available resources, suggesting that perceived accessibility may be a better 
indicator of the food environment (Wetherill & Gray, 2015). While some studies show that 
supportive perceived environments had a positive impact on eating behaviors in older adults, 
Gustafson and colleagues found the opposite between perceived availability of healthy foods and 
BMI and FV intakes in low-income women from North Carolina (Gustafson et al., 2011). A 
possible explanation to the contradicting results is that Gustafson only measured perceived 
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availability of healthy foods while Sharkey measured perceived store access, variety and prices of 
foods. Perceived food quality may influence how people perceive availability (Gustafson et al., 
2011). In addition, the demographic and geographic differences between study populations may 
have caused the discrepancies in results. Older adults may perceive and react to the food 
environment differently compared to low-income women and younger adults. 
 
3.2 Current food environment for older adults 
3.2.1 Trends in the food environment for older adults 
During the past four decades, the annual retail and food services sales in the U.S. have increased 
ten times in total (Bureau of the Census, 2010). During this period of time, the per capita number 
of fast-food restaurants doubled, while the per capita number of full-service restaurants increased 
by 35% (Chou, Grossman, & Saffer, 2004). Although some older adults may not have problems of 
accessing healthy foods, others may live in food deserts with very little or no fresh produce and 
other healthy foods available (Bader, Purciel, Yousefzadeh, & Neckerman, 2010). Factors that 
influence older adults’ access to healthy foods vary by neighborhood characteristics. In New York 
City, neighborhoods that were majority Asian had more accessible supermarkets than 
neighborhoods of other racial groups (Bader et al., 2010). Residents living in the inner city 
neighborhoods of low socioeconomic status of a mid-sized Canadian city have the poorest access 
to supermarkets compared with neighborhoods of medium and high socioeconomic status (Larsen 
& Gilliland, 2008). In addition, older adults also have to overcome difficulty beyond physical 
distance (Bader et al., 2010). For instance, travel burden, which is the time needed and difficulty 
of moving between home and food stores, prevents many older adults from shopping frequently for 
food. Safety issues are also a concern for older adults in some neighborhoods. 
 
Besides access disparities, food prices also vary across food categories in the environment where 
older adults shop. According to data from the Bureau of Labor Statistics and the American Chamber 
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of Commerce Researchers Association suggest, the percentage of total living expenses people spent 
on food consumed both at home and away from home have increased slightly and then fluctuated 
since the late 1990s (Christian & Rashad, 2009). When taking inflation into account, the real food 
prices for many foods have decreased or stayed the same between 1990 and 2007, including 
different kinds of meats, hamburger, pizza and fried chicken at chain fast-food restaurants, Coca 
Cola, potato, bread, banana, tomato and eggs. It is worth noting that the prices of FV have increased 
since 1985 while the costs of sugar/sweets and carbonated drinks have decreased rapidly during the 
same period of time.  
 
Previous research suggests that healthy foods including FV cost more than food items that are less 
healthy (Darmon & Drewnowski, 2015; Drewnowski, 2010; Kern, Auchincloss, & Pham-Kanter, 
2017). Jetter and Cassady analyzed the prices of a standard market basket based on the Thrifty Food 
Plan (TFP) and a healthier market basket with healthier alternatives of dairy, meat, canned fruit, 
fats, and grains (Jetter & Cassady, 2006). Results showed that the healthier basket was over 18% 
more expensive then the TFP basket. Other researchers have different opinions. Raynor and 
colleagues conducted a family-based obesity treatment program emphasizing increasing dietary 
nutrient-density and evaluated the cost of following a healthy diet (Raynor, Kilanowski, Esterlis, 
& Epstein, 2002). They did not find an increased cost associated with switching from low-nutrient-
dense foods to lower-energy, nutrient-dense foods. Cassady et al. calculated the price of a market 
basket of FV based on TFP and the Dietary Guidelines for Americans 2005 in supermarkets in two 
cities in California (Cassady, Jetter, & Culp, 2007). They found that the FV basket based on the 
Dietary Guidelines, which contained much more fresh FV, were more affordable in general and in 
low-income than in high-income areas. It was noted that different ways of looking at food prices 
may cause conflicting results on the relationship between the healthfulness of a diet and food cost. 
Items included in the market basket could alternate the conclusion of the affordability of healthy 
foods. It also depends on the unit of price metrics used (Carlson & Frazão, 2012). Vegetables have 
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the highest price per calorie followed by fruits and mixed dishes, foods that meet the definition of 
more than one food group. Grains, moderation foods, which are foods high in calories, added sugar 
and saturated fat, and protein have the lowest price per calorie. The trends are almost the opposite 
when prices are compared for every 100 edible grams. Protein, mixed dish and moderation foods 
are the most expensive while dairy is the least expensive. When looking at prices per average 
portion, mixed dish is the most expensive and grains, vegetables and dairy are more affordable. 
Where to buy foods also accounts for the differences in price. Liese et al. suggested that foods were 
expensive in convenience stores than supermarkets when they were available at both types of stores 
(Liese, Weis, Pluto, Smith, & Lawson, 2007). The variation in food prices may make it difficult 
for some older adults to locate healthy foods at an affordable cost.  
 
Besides food stores and restaurants, older adults can also access food and receive nutrition 
education at federal and local nutrition programs, such as the Elderly Nutrition Program, the 
Nutrition Services Incentive Program, Senior Farmers’ Market Nutrition Program (SFMNP), 
Supplemental Nutrition Assistance Program (SNAP), Meals on Wheels, etc. They can also receive 
meals at a congregate meal site, senior housing and a senior center. The Older Americans Act 
Nutrition Program, run by the US Department of Health and Human Services, is the largest national 
food and nutrition program for older adults (Kamp et al., 2014). Eligible older adults are supported 
for congregate or home-delivered meals and other nutrition services. Congregate meal sites and 
home-delivered meal programs are offered to over 3 million older adults in the US, serving as a 
tool to provide supplemental food to adults with functional limitations and some food-related 
dependency and can decrease food insecurity in their participants (Keller, 2007; J. S. Lee, Johnson, 
& Brown, 2011; Silver, 2009). Congregate meal recipients had a significantly healthier diet 
compared to their non-recipient counterparts matched by age and gender (Silver, 2009). The US 
Department of Agriculture runs a few nutrition programs for eligible populations including adults 
over 60 years old, including SNAP, SFMNP and Child and Adult Care Food Program. These 
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programs provide financially or physically disabled older adults with food and optional nutrition 
education depending on geographical availability and seasonality as well as the amount of funding 
at the local level. However, more interventions may be needed to fully exert the benefits of these 
programs. For example, although participating in SNAP helped reduce food insecurity, it does not 
guarantee a healthier eating pattern (Institution of Medicine and National Research Council, 2013). 
Eligible nonparticipant older adults received a better HEI score than their SNAP participant 
counterparts, as well as higher consumption of fruits, vegetables, whole grains, milk and healthy 
oils, and lower consumption of solid fats and added sugar. Although there are many opportunities 
for older adults to get assistance in obtaining foods and nutrition information, many older adults 
are not enrolled to get benefits. For example, nearly 20% of eligible older adults are not enrolled in 
SNAP benefits (“SNAP/Food Stamp Participation,” 2015). Being homebound may be a reason. 
Programs targeting homebound older adults can be helpful. For example, the Seattle Senior 
Farmer’s Market Nutrition Program piloted to deliver bi-weekly market baskets of fresh produce 
to low-income Meals on Wheels participants and significantly increased their FV intake (Johnson, 
Beaudoin, Smith, Beresford, & LoGerfo, 2004).  
 
3.2.2 Challenges in the Food Environment for Older Adults 
It is not always easy for older adults to navigate the current food environment. Some challenges 
make it difficult for many older adults to maintain an adequate and healthy diet or obtain benefits 
from the national and federal nutrition programs (Bernstein & Munoz, 2012; Munoz-Plaza et al., 
2013). Intrapersonal factors such as health conditions and financial issues, and environmental 
factors such as transportation, food availability and quality all diminish older adults’ abilities to 
drive to and from the food market, carry heavy groceries home, and follow a healthful eating plan. 
Vesnaver et al. interviewed 30 community-dwelling older adults from Canada aged 73-87, 
exploring age-related challenges of healthy eating, and concluded that limited or inconvenient 
transport and delivering groceries home were the two biggest obstacles of grocery shopping 
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(Vesnaver, Keller, Payette, & Shatenstein, 2012). When lower-priced supermarkets are located 
farther away, it may be challenging for older adults with limited mobility to access these food 
retailers while younger consumers could travel longer (Aggarwal et al., 2014). Lack of knowledge 
and cooking skills also made it difficult for older adults to navigate the food environment and 
control their dietary intake.  
 
3.3 Assessment of the Food Environment 
3.3.1 Assessment of the observed food environment 
In order to understand what role the food environment plays in people’s health, adequately and 
accurately assessing the environment has always been a key factor. Many studies have tried to 
assess the food environment and analyze the relationship between the environment and dietary 
intake as well as health outcomes using different measures (L A Lytle, 2009).  
 
Measures of the food environment can be classified into two categories: instruments and 
methodologies (McKinnon, Reedy, Morrissette, Lytle, & Yaroch, 2009). Instruments are 
standardized tools that assess the observed and perceived food environment. Examples include a 
checklist of selected indicator food items or a market basket that represents a certain diet. 
Researchers have used these tools to assess the availability, price and quality of food in the 
environment. Block and Kouba used a market basket to compare the availability and affordability 
of food in two communities (Block & Kouba, 2007). They created a market basket based on the 
USDA’s Thrifty Food Plan recipes, adding culturally important food items specific to the study 
population. This allowed the researchers to examine how the environment met the population’s 
basic daily needs. Other studies used a checklist to assess how the environment satisfied one or 
several aspects of a diet (Izumi et al., 2011; Morland & Filomena, 2007; Rose et al., 2009). There 
is no standardized way of deciding which items a checklist should include or how these items are 
determined as it depends on the purpose of the study. Rose et al. (2009) measured the shelf-space 
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of fresh, canned and frozen FV. They also classified the selected snack items into four categories. 
They conducted data analysis on individual food groups (e.g. candy, salty snacks, cookies, soda) 
as well as aggregated groups (e.g. all snack). Izumi et al. (2011) based their checklist of vegetables 
on the Block Food Frequency Questionnaire. They counted stores that had five or more of the 16 
vegetables on the checklist. Using a more comprehensive list of FV allows researchers to examine 
the association between the availability of supermarkets and the availability of FV (Morland & 
Filomena, 2007). This list that included 18 fruits and 21 vegetables was based on the produce 
available at chain supermarkets. Using field work, research team calibration and expert consultation, 
the Nutrition Environment Measures Survey in Stores (NEMS-S) was developed to evaluate the 
nutrition environment inside food stores with observational measures including availability, price 
and quality of healthy options; it was tested to have a high reliability (Glanz, Sallis, Saelens, & 
Frank, 2007). This instrument allows researchers or community planners to measure multiple levels 
of the nutrition environment and identify innovative approaches for nutrition interventions. Using 
different instruments, data can be collected by observation, self-reported questionnaires or recorded 
by a trained researcher (McKinnon et al., 2009). 
 
Methodologies are different aspects of data analysis, such as sales analysis, menu analysis, nutrient 
analysis and geographic analysis (McKinnon et al., 2009). Gittlesohn et al. used a weekly food 
sales form to assess the availability of the promoted food items both during and after the 
promotional phase (Gittelsohn et al., 2010). Sales data are easy to collect and useful to estimate 
food availability and track the changes of the food environment. Sales information allowed 
researchers to examine the actual purchase, which reflected more accurate effects of the 
environmental interventions (Gittelsohn, Rowan, & Gadhoke, 2012). However, not many studies 
included this information. Menu analysis allowed researchers to evaluate consumer exposure to the 
information available on menus, including physical menus and Internet websites. Information 
assessed usually included content and formats of nutrition information and labeling, options 
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available on the menu and promotions (Saelens, Glanz, Sallis, & Frank, 2007; Wootan & Osborn, 
2006). Combining data from sales records, menu and nutrient analysis can provide information of 
the availability or nutritional quality of certain foods. This is commonly used to assess the school 
food environment. Bartholomew and Jowers (2006)analyzed fat content and the aggregate entrée 
selections at two schools in an intervention promoting low-fat choices (Bartholomew & Jowers, 
2006). Zive and colleagues sampled five consecutive days of school meals, a la carte, student store 
data, as well as three days of bag lunch brought by students (Zive et al., 2002). Data analysis 
included saturated and total fat content and sales or participation data. In both studies, a 
combination of whole meals and nutrient content provided detailed information of the school food 
environment that data from a single aspect could not have provided. A geographic analysis assesses 
geospatial locations and mainly focuses on accessibility measures including diversity, proximity 
and variety (McKinnon et al., 2009). Researchers could access location information of food 
establishments from government or commercial sources, or ground-truthing studies (directly 
calibrating the information provided by the secondary databases in the environment) (Winkler, 
Turrell, & Patterson, 2006; Lopez, 2007; K. B. Morland & Evenson, 2009; Timperio et al., 2008; 
Witten, Exeter, & Field, 2003; Zenk et al., 2005). Using computer tools such as geographic 
information systems (GIS), researchers were able to map the points of sale in a defined 
neighborhood and visually present the community food environment. When assessing accessibility 
and transportation networks to food sources, many different measures were applied across studies, 
which presents a limitation and a challenge to establishing conclusions. Some studies used densities 
of stores as a representation of accessibility of food while others used distances to the stores. Space-
time accessibility is a more comprehensive evaluation of accessibility, which integrates the 
locations, transportation infrastructure such as travel velocities and frequency, and benefits that an 
individual would receive from going to a certain location of interest that may determine one’s 
choice of locations (Miller & Wu, 2000; Neutens, Schwanen, Witlox, & de Maeyer, 2010). More 
details about GIS and its application will be discussed in Section 3.4.  
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3.3.2 Assessment of perceived food environment 
Individual perceptions are a subjective method of measuring the food environment (Charreire et al., 
2010). Combining objective measures of the actual food environment with perceptions build a 
complete understanding of how the physical, social and economic aspects of the food environment 
impact food choices and older adult nutrition.  
 
Many studies have used surveys to collect individual perceptions on perceived food availability, 
food/store accessibility, food quality and affordability. These surveys often consist of questions 
with Likert scales or options of yes or no. Some studies included a single question to measure each 
aspect of perceived food environment. For example, Caldwell and colleagues asked participants 
“how easy or difficult is it for you to get fresh fruits and vegetables” to assess perceived access to 
fresh produce (Caldwell et al., 2008). On a scale of 1 to 4, participants could indicate their perceived 
access from very difficult to very easy. Giskes et al. asked participants whether a commonly 
consumed choice of a food group was available or not to assess participant perceived availability 
(Giskes, Van Lenthe, Brug, Mackenbach, & Turrell, 2007). An example question would be “is 
wholemeal or multigrain bread available where you usually shop even if you do not buy it”. 
Participants could indicate “yes”, “no” or “not sure”. Although these studies did not exclusively 
investigate older adults, the questions they used were simple to understand and easy to answer, 
which can be applied to older consumers. Researchers could administer the survey as a face-to-face 
interview during which older adults may feel comfortable answering questions. 
 
Some studies used multiple questions to assess perceived environmental factors. Inglis et al. used 
a questionnaire to measure perceived environmental factors including perceived food availability, 
perceived food accessibility and affordability in 1580 New Zealand women (Inglis, Ball, & 
Crawford, 2008). Perceived food availability and perceived cost of FV were measured by multiple 
statements assessing participants’ degree of agreement, (1 = strongly agree and 5 = strongly 
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disagree). For example, participants were asked how likely they would agree with the statements 
of “I can do most of my food shopping at stores in my local neighborhood” or “I do not buy many 
fruits because they cost too much”. Yes or no questions were also used to measure the existence of 
potential perceived-accessibility mediators. Similarly, Freedman and Bell used a four-item 
inventory to assess the perceptions of food access (Freedman & Bell, 2009). On a scale of 1 being 
strongly disagree to 5 being strongly agree, participants were asked how likely they would agree 
with each of the four statements. For example, one statement was “in my neighborhood, it is easy 
to buy fresh fruits and vegetables”. This inventory had high internal consistency with a Cronbach’s 
alpha value of 0.80. However, this study only included 37 participants who were frequent customers 
of farmer’s markets in food insecure communities in Tennessee. Pre-test will be needed if we were 
going to apply a similar inventory to measure perceived accessibility of FV in older adults. 
Carbonneau et al. developed a survey that evaluated perceived accessibility of both healthy and 
unhealthy foods by measuring respondents’ perceptions of the quality, variety, cost of food items 
and accessibility of different food retailers (Carbonneau, Robitaille, Lamarche, Corneau, & 
Lemieux, 2017). The tool was validated and had good internal reliability for both subscales of 
accessibility to healthy foods and unhealthy foods. However, the survey was designed in French, 
which requires further validation in English-speaking populations. 
 
3.3.3 Reliability and validity of the assessment of the food environment  
To increase the reliability of the instruments and methodologies, researchers usually need to receive 
standardized training before implementing the measure. This can reduce misunderstanding and 
different interpretations of how the instruments should be used and how the data analysis should 
be performed, especially when there are a large number of questions on the instrument and when 
the measure relies on subjective judgments. The Nutrition Environment Measures Study (NEMS) 
developed two instruments to assess the nutrition environment in restaurants (NEMS-R) and retail 
stores (NEMS-S), which contained complicated counting methods of food items available on the 
 
 
 35 
menu and in the store (Glanz et al., 2007; Saelens et al., 2007). The evaluators received 10 to 20 
hours of training and practicing in both classroom sessions and fieldwork experience. The inter-
rater and test-retest reliability scores were greater than 0.80 and 0.73 respectively in most of the 
items assessed. However, the reliability and validity of an instrument was not always evaluated 
before it was administered. Among the 137 articles reviewed by McKinnon et al., only 18 included 
reliability testing and 8 included some type of validity testing (McKinnon et al., 2009). Unlike 
criterion validity, face and construct validity was the most commonly performed among these 8 
studies probably because it is easy to test and does not require further data collection and analysis, 
usually via a comprehensive review of the literature or by a committee board (Benjamin et al., 2007; 
Glanz et al., 2007; Saelens et al., 2007).  
 
Without examining the validity, several problems could arise when applying the data collected by 
these instruments and methodologies. First of all, there could be a large discrepancy between the 
community environment and the consumer environment. That is to say, the presence of 
supermarkets does not guarantee the availability of certain food items such as fresh FV or the 
variety of FV. Secondly, some instruments indirectly measure the food environment, making it 
hard to accurately assess consumers’ actual exposure. When ground-truthing can be expensive, 
time- and labor-consuming, food establishment lists requested or purchased from the government 
or commercial sources can also put the validity of the data at risk. Last, but not least, the availability 
of certain foods does not equal the actual purchase of them or consumer consumption. Without 
testing the validity of the instruments that measure the food environment, we cannot be certain how 
the food environment influences consumers’ choices and behaviors, or their health status.   
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3.4 Geographic Information Systems in Nutrition Research 
3.4.1 Introduction of geographic information systems in nutrition research 
Geographic information systems (GIS) are tools that can analyze data and display results visually 
(Anselin & Getis, 1992). They integrate spatial data from different sources and combine them with 
non-spatial data to study spatial dependence and heterogeneity. This technology has been utilized 
by researchers from many different fields, including nutrition and public health (Jankowski, 2009). 
GIS provide researchers, practitioners and those who are concerned about the local food access 
with tools that enable the spatial understanding of access and availability and facilitate community 
based decision making that combine information from fieldwork, land use, taxation, licensing, and 
online street-level photographs (Forsyth, Lytle, & Van Riper, 2010; Jankowski, 2009).  
 
3.4.2 Applications of geographic information systems  
Researchers have applied GIS to numerous nutrition research and environmental projects, including 
assessing nutrition environments and food distribution systems/networks, identifying and mapping 
nutritional needs and populations at risk of food-related issues and chronic diseases, and evaluating 
the associations between the food environment and health outcomes (Cromley & Mclafferty, 2012; 
Sweeney et al., 2016). Results of the environmental research projects could be used to facilitate 
decision-making in community professionals and policy makers regarding improving the 
community environment and developing or evaluating health-related community-based projects. 
 
Witten et al. used GIS to develop an area-based index of access to community services and facilities 
in New Zealand (Witten et al., 2003). The index database consisted of multiple categories of 
community services and facilities including recreational amenities, public transport and 
communications, shopping facilities, educational facilities, health facilities, and social and cultural 
facilities. Kremer and DeLiberty used GIS techniques to explore the local food system in 
Philadelphia (Kremer & DeLiberty, 2011). GIS is also helpful when evaluating the food 
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environment by socio-demographic factor (Black, Carpiano, Fleming, & Lauster, 2011). Using GIS 
technology, researchers were able to locate facilities and food establishments and create a system 
to show the routes to get to the facilities and their service area, the density of each facility, and how 
the distribution of food stores related to socio-demographic factors such as household income, 
which would have been very difficult to build and visually present without the help of GIS. 
 
Another application of GIS in nutrition and health research is to identify populations at risk. Wang 
et al. identified risk areas of neural tube defects (NTD) in the Heshun region in China using GIS 
(Wang et al., 2010). GIS served as an ideal platform to hold the environmental determinants of 
NTD and visually present the relationships between health determinants and geographical space. 
Accompanying GIS, quantitative spatial analysis provided the actual power of the determinants on 
NTD. Hanafi-Bojd et al. developed a risk map using GIS to identify populations at risk of malaria 
in southern Iran (Hanafi-Bojd et al., 2012). The researchers created the map by overlaying multiple 
risk factors on the study area, including weighted hazard, land use, population density, malaria 
incidence, etc., which divided the map into several strata that allowed the researchers to easily 
pinpoint the locations of populations at the highest risk of malaria. The same techniques can also 
be useful in projects identifying older adult populations at risk for nutritional deficiencies and 
inform community stakeholders the priorities of resource distribution and environmental 
improvement.  
 
GIS is also useful to evaluate spatial associations between the environment and health status at a 
large scale. For example, many studies used GIS technology to investigate the impact of the 
neighborhood environment on obesity in both children and adults. Morland and Evenson geocoded 
(located the associated latitude and longitude) food stores and residential addresses and used GIS 
to calculate the distances between residential addresses and the nearest food stores (Morland & 
Evenson, 2009). They later analyzed the associations between the distances and obesity status in 
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adults from southern U.S. Kruger and his colleagues mapped out the fast-food outlets and study 
participants who were adults in Genesee County, Michigan by using GIS (Kruger, Greenberg, 
Murphy, Difazio, & Youra, 2014). To measure the impact of fast-food restaurants, they used the 
number of fast-food restaurants in a 2-mile buffer zone of each participant. Researchers have also 
used a combination of different approaches to measure the neighborhood food environment as well 
as physical activity environment, using GIS, in order to evaluate the relationship between the 
neighborhood environment and childhood obesity (Frank et al., 2012). Frank et al. used GIS 
technology to map block group-level walkability of neighborhoods, presence and quality of parks, 
density of fast-food restaurants and distance to supermarkets and defined neighborhoods into 4 
categories based on the environment. GIS is widely used in calculating the distance to the nearest 
supermarkets (Burgoine, Gallis, L. Penney, Monsivais, & Benjamin Neelon, 2017). It allows 
researchers to build models that better represent the real environment than a simple model that only 
estimates the point-to-point distance. These more complex models account for additional variables 
such as the speed of different roads, the time spent on traveling between points, and the shortest 
routes based on a street network (Wilkins, Morris, Radley, & Griffiths, 2017).  
 
In summary, GIS provides researchers with the capability of managing and analyzing spatial 
datasets that have thousands of data points when conducting nutrition and health-related research. 
It is a relatively inexpensive and easy instrument to analyze the environment, identify risk factors 
and people at risk, and eventually to facilitate decision-making pertaining to prioritizing problem-
solving and planning prevention (Wang et al., 2010).  
 
3.4.3 Challenges in nutrition research with geographic information systems 
Despite the overall difficulty associated with research in food environments such as accurately 
locating food sources, classifying a business, and identifying consumers’ real exposure to the food 
environment (Lucan, 2015), research using GIS bears some unique challenges. Due to the 
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heterogeneity of methodologies and insufficient reporting of methods, it is particularly difficult for 
researchers to compare studies, accurately interpret and learn from others’ results (Wilkins et al., 
2017). Wilkins et al. suggested a reporting checklist to improve this situation, which request 
researchers to include details about the food outlets investigated, how the food outlets data are 
extracted, how the food outlets are grouped and geocoded, and detailed description of how the food 
environment is measured. 
 
Data sources are one of the primary problems researchers need to resolve before starting the 
research using GIS. Primary data collection can be very time and labor consuming. Lytle and Sokol 
noticed a decrease in articles that utilized approaches such as market baskets and sales and nutrient 
analysis, likely due to the labor intensity associated with these types of data collection (Leslie A. 
Lytle & Sokol, 2017). Many food environment studies rely on secondary data sources that are 
commercially available or can be obtained from the government or other research groups for 
measures of the neighborhood food retail outlets including their locations, accessibility and food 
choice (Kelly, Flood, & Yeatman, 2011). These data sources are easy to obtain and updated 
regularly, which can save a considerable amount of time and labor compared to collecting primary 
data by field observation (Paquet, Daniel, Kestens, Léger, & Gauvin, 2008). However, there are 
many challenges associated with using secondary data.  
 
First comes the question of the validity of the secondary data. Since someone else has collected the 
data, it is hard to keep track of when and how the data are collected and how often they are updated. 
Lucan et al. compared a business list from Infogroup and direct ground observation by business 
type and business name in the Bronx, New York (Lucan et al., 2013). The overall sensitivity of the 
business list was as low as 39.3% when matching the businesses by name. This study is not 
conducted specifically for entities that serve older adults only. But it is a good indicator of the 
validity of secondary data if researchers want to base their analyses on data other than primary 
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sources. In addition, secondary data are more valid for some business categories than others. In 
Lucan et al.’s study, data on general grocers including supermarkets, food stores, and grocery stores 
had a lower sensitivity and positive predictive value compared to data on restaurants (Lucan et al., 
2013). The validity of secondary data also depends on which source the data come from. In a study 
done by researchers from Canada, commercial databases had higher sensitivity but a slightly lower 
positive predictive value than Internet-based databases (Paquet et al., 2008). In the U.S., 
government and InfoUSA databases provide more accurate information than other commercial 
sources such as Dun&Bradstreet or local sources including both online and telephone directories 
(Fleischhacker, Evenson, Sharkey, Pitts, & Rodriguez, 2013; Hosler & Dharssi, 2010). It is 
suggested that researchers should use secondary data with caution and combine data from multiple 
sources to reach the highest validity (Powell et al., 2011). However, simply aggregating databases 
from different sources can also be a limitation, because it does not account for the differences 
caused by the different collection periods and the dynamics of the food environment (Holsten, 
2009). Ground observation maximizes the validity, sensitivity and specificity of data analysis. The 
process of ground observation can be time and labor intensive (Kelly et al., 2011; Lucan et al., 
2013). It can take a team of researchers more than half a year to verify a district with 30 street 
segments. Many studies selected a random sample of establishments of interest to be more cost-
effective (Cummins & Macintyre, 2009; Krukowski, West, Harvey-Berino, & Elaine Prewitt, 2010; 
Powell et al., 2011). Although more studies are reporting reliability and validity of the measurement 
tools they use to assess the food environment, fewer than 30% of the articles Lytle and Sokol 
reviewed did so, suggesting a need to identify reliable and valid measures for future studies (Leslie 
A. Lytle & Sokol, 2017).  
 
It can also be a challenge for researchers to find data for the specific business establishments they 
want to investigate, since business classification varies across data sources (Forsyth et al., 2010). 
It would be even more difficult to find data on all the establishments that carry the specific food 
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items of interest. For example, it might need a combination of several categories to include all the 
stores that sell fresh FV. The establishment categories sometimes are not explained sufficiently in 
published studies, which could cause misinterpretation of the study results as well as improper 
utilization of the data when applying the methodology onto a new study. In addition, 
misclassification happens sometimes in commercial business databases (Han et al., 2012). In Han’s 
study, researchers evaluated the concordance in food store classification between on-ground survey 
and two business lists. The results suggested that different business databases have different 
classification match rates on different business categories. One way to address the issue of business 
classification is to define your own categories via ground observation (Forsyth et al., 2010). This 
helps to identify all the stores of interest or stores that sell the food items under investigation.  
 
Determining the selection and utilization of databases is another challenge. The dynamics of the 
food environment and individual lifestyles lead to questioning of the methodology of many studies 
using cross-sectional secondary databases. Data that only measure the food environment at a point 
of time do not consider the importance of the lifetime effects of the food environment on individuals. 
Cummins et al. visited a sample of the food stores in Glasgow, UK in 1997 and in 2007 (Cummins 
& Macintyre, 2009). The results suggested many changes in the food stores over the course of 10 
years including the number, locations, distribution across different neighborhoods, and trading 
status. A cross-sectional database may not capture the most important factors or changes in the food 
environment that set off one’s eating patterns or health issues. It can be challenging to collect data 
over a course of decades to the same extent in terms of data competence or track the changes of the 
food environments when people move. It is also challenging to evaluate the food environment 
retrospectively since researchers would be unable to verify the information that was collected years 
ago (Wang et al., 2007). Hence, the accuracy of the effects of the food environment over time on 
individual diets may not be high.  
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3.5 Summary 
Previous studies suggest that the community food environment does not adequately predict 
consumers’ dietary intake and health outcomes. Measures combining the community food 
environment, the consumer food environment and individual factors may provide a more complete 
understanding of the environmental impact on consumer food choices. The existing literature shows 
gaps on individual level data, direct measurement of the food environment, examining the 
consumer environment and events over a time sequence (Holsten, 2009). Filling in these gaps could 
help us better understand how the food environment influence eating behaviors, thus health 
outcomes especially the obesity epidemic. Communities could make efforts to enable older adults 
to make wiser food choices and achieve adequate intake by changing the local food environment 
from food sources to means of reaching the sources. The first step of the movement is to explore 
important factors and places that communities can address to facilitate healthy eating and help 
communities set priorities with limited resources. 
 
In summary, more research on challenges of consuming healthy foods and barriers of participating 
in nutrition assistance programs in older adults will be helpful in understanding older adults’ eating 
behaviors and guiding communities to facilitate healthy eating in older adults. More research is 
also needed to evaluate the effectiveness and feasibility of innovative programs of nutrition and 
food in order to determine the best way of solving the challenges of eating healthy faced by older 
adults. Nutrition researchers need advice from experts on geography and geospatial data to limit 
the chances of using data with more errors than others and making wrong decisions when using 
GIS and spatial data in health-related research (Matthews, Moudon, & Daniel, 2009). Although, to 
our knowledge, there is very little research analyzing how factors in the environment predict dietary 
intake and health outcomes specifically in older adults aged 65 and above, it is promising that GIS 
could help us understand the interaction between the food environment and eating behaviors as 
well as health outcomes in older adults from a geographical perspective.  
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CHAPTER 4 
INDIVIDUAL AND ENVIRONMENTAL FACTORS  
AND THE THEORY OF PLANNED BEHAVIOR 
 
4.1 The Theory of Planned Behavior and Health-Related Behaviors 
4.1.1 The Theory of Planned Behavior  
Researchers have long used social and behavioral theories to explain the rationale behind health-
related behaviors. As a model focused on factors at intrapersonal and interpersonal levels, the 
theory of planned behavior (TPB) has been the most commonly used model and depicts the 
relationship between social influences and cognition, and health-related behaviors via the impact 
of behavioral intention (de Bruijn, Brug, & Van Lenthe, 2009; Manning, 2009). Based on the model 
(Appendix B), intention to perform a behavior is the direct antecedent of the behavior. Intention is 
the product of the interactions between attitudes which are beliefs one holds toward the outcomes 
of a behavior, subjective norms (SN) which are perceptions of other people’s opinions on a 
behavior and perceived behavioral control (PBC) which reflects one’s perceived ease or difficulty 
of performing a behavior (Ajzen, 1991; Manning, 2009). Intention does not always lead to behavior. 
Therefore, Ajzen also proposed that PBC has direct influences on the actual behavior. Actual 
behavioral control, defined as the actual capacity of conducting a behavior, also plays a role in 
determining whether an intention can eventually be translated into an actual behavior. Given the 
most ideal situation where people accurately evaluate the amount of control they have in reality 
over a behavior, PBC can be viewed as a proxy for actual control. However, actual behavioral 
control can be affected by both individual and environmental factors, as proposed by Ajzen (Ajzen, 
2006, 2011), and can diverge from PBC, which partially explains why intention does not always 
translate into performance of a behavior. Not many studies have explored factors mediating the 
discrepancy between PBC and actual control, and the effects of actual control on the relationship 
between intention and behavior. It can be difficult to accurately measure one’s actual behavioral 
 
 
 44 
control since it requires a thorough evaluation of both internal and external factors that may be 
linked to the behavior of interest.  
 
Although TPB contributes to the understanding of people’s motivation of behaviors, it does not 
take into consideration factors that will influence beliefs including individual factors such as culture 
and habits, socioeconomic status and education and environmental factors such as food store 
accessibility, availability of healthy foods and transportation and food cost (Sniehotta, 2009). Nor 
does TPB propose suggestions of making behavioral change.  
 
4.1.2 The Theory of Planned Behavior and Fruit and Vegetable Consumption 
Many studies have used TPB to explain the rationale behind health-related behaviors including 
physical activity, dietary intakes, abstinence of undesirable behaviors and risk-taking behaviors. 
Dietary habits are among behaviors that are better explained by the theory than other behaviors 
(McEachan, Conner, Taylor, & Lawton, 2011). Since FV consumption is associated with many 
preventable chronic diseases and is still below the national recommendations, FV will be the main 
focus of the dissertation. The discussion here will mainly focus on how TPB predicts FV intakes.  
 
Studies have found that attitudes, SN and PBC, all of which are constructs of TPB, were good 
indicators of intention of consuming adequate servings of FV in various populations, although 
sometimes used with a combination of constructs from other behavioral theoretical models 
(Guillaumie, Godin, & Vézina-Im, 2010; Manning, 2009). PBC was shown to have the strongest 
impact on intention to eat a healthful diet as well as FV (Close, Lytle, Chen, & Viera, 2018; de 
Bruijn, 2010; Sjoberg, Kim, & Reicks, 2004). Intention was also a significant predictor of the actual 
behavior of consuming FV. Blanchard et al. found that affective attitude and PBC were positively 
associated with intention of adhering to 5 servings of fruits and vegetable per day in college students, 
which also predicted their actual adherence (Blanchard, Fisher, et al., 2009). Bogers et al. found 
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PBC the strongest predictor of intention of FV consumption in adult Dutch women, followed by 
attitude and SN (Bogers, Brug, van Assema, & Dagnelie, 2004). PBC was also the strongest to 
predict self-reported FV consumption. Another study done in Dutch adults also found significant 
predicting values of constructs, including attitudes and SN, on intention of fruit consumption (Brug, 
Kremers, van Lenthe, Ball, & Crawford, 2008). Some studies also studied the effects of intention 
on behaviors more deeply by adding continuous intentions of success and continuous intentions of 
failure into TPB. One study explored the relationship between continuous intentions and food 
choice and found continuous intentions, both of success and of failure, to be a predictor of 
consuming fruits and/or vegetables daily in British college students (Chatzisarantis, Hagger, Smith, 
& Phoenix, 2004). As in older adults, attitudes, SN as well as PBC were all significant predictors 
of FV consumption (Sjoberg et al., 2004). PBC explained the most of intention of FV consumption 
and the reported intake in this study population with majority being white, female and having at 
least 12 years of education.  
 
4.1.3 Nutrition Interventions Based on the Theory of Planned Behavior 
Some interventions guided by TPB have successfully influenced individual behaviors. For example, 
Kellar and Abraham conducted a randomized controlled trial of a FV consumption promoting 
intervention in young adults aged 19 to 24 in the UK (Kellar & Abraham, 2005). Results showed 
that participants in the intervention group were more likely to meet the recommended intake of FV. 
In a randomized control trial informed by TPB conducted by Stadler and colleagues, participants 
showed increased FV consumption up to 4 months after participation (Stadler, Oettingen, & 
Gollwitzer, 2010). Kothe and colleagues also conducted an intervention during which young adult 
participants received messages targeted attitude, SN and PBC of FV consumption (Kothe, Mullan, 
& Butow, 2012). At the post-intervention evaluation, participants had significantly higher FV 
consumption. Not only in adults, TPB based intervention aimed at increasing FV consumption also 
were effective in children. Students aged 8 to 15 years old who participated a garden program 
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informed by TPB in Minnesota showed increased FV consumption based on 24-hour recalls 
(Lautenschlager & Smith, 2007). The constructs of TPB including attitudes, SN and PBC were 
associated with changes in FV consumption. Students from 12 elementary school in Los Angeles 
also showed a significant change in teacher influence on attitudes toward FV after participating in 
a school-based nutrition education program founded on both Social Cognitive Theory and TPB 
(Prelip, Slusser, Thai, Kinsler, & Erausquin, 2011). Students from both intervention and control 
groups showed a slight increase in FV consumption compared to baseline. This could be due to 
students’ positive attitudes towards FV at baseline in both groups and their exposure to another 
nutrition program implemented at school. 
 
Although TPB successfully predicted participants’ intention of FV consumption, it did not predict 
the behavioral change in FV consumption well. This gap between intention and actual behavior 
suggests other factors may mediate the relationship between intention and behavior. It is possible 
that these factors involve the built environment. In addition, few studies have explored the 
relationship between perceptions and health-related behaviors in older adults. One study found that 
a positive perception of the physical environment in the neighborhood was associated with outdoor 
physical activity in older adults (Novek & Menec, 2013). In the same study, older adult perception 
of cost was also associated with usage of transportation services. Another study conducted among 
582 rural seniors discovered that negative perceptions of variety of FV and community food 
resources including the number of grocery stores or supermarkets available in the community were 
associated with low FV consumption (Sharkey et al., 2010). It will be helpful to examine which 
individual and environmental factors may manipulate the effects of attitudes, SN and PBC on 
intention of consuming adequate FV in older adults thereafter influence their behavioral change of 
actual dietary intake. The results can be useful for designing community-based interventions to 
promote good nutrition in the older population.  
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4.2 Factors that Influence the Constructs of the Theory of Planned Behavior 
4.2.1 Individual Factors and the Constructs of the Theory of Planned Behavior 
Many individual factors could play a role when determining consumers’ eating behaviors, such as 
mobility, socioeconomic status, race/ethnicity, shopping habits, etc. (Lopez, 2007; Wang et al., 
2007). Since the TPB does not fully predict the behavioral change even when its constructs are 
strongly associated with the intention of performing a behavior, many studies have investigated 
individual factors, related to interpersonal psychology, demographics and habit strength, that may 
play a role in determining food-related behaviors. Bruijn et al. linked personality traits and 
conscientiousness, which is the individual adherence to rules and norms, to fruit consumption 
possibly mediated by attitude and PBC in about 400 Dutch respondents aged 26 to 87 (de Bruijn et 
al., 2009). In another study, Bruijn and colleagues revealed the importance of habit strength, which 
is the frequency and easiness of performing a behavior as a habit, in determining the pathway 
between intention and behavior of consuming fruits among college students in the Netherlands (de 
Bruijn, 2010). Both Bruijn’s and Carfora’s studies linked higher fruit intake and more perceived 
SN in college students (Carfora, Caso, & Conner, 2016; de Bruijn, 2010). The bond between 
intention and behavior was more than twice as strong in students with low habit strength of fruit 
consumption as those with high habit strength. Some other individual factors that were found to be 
interacting with the relationship between intention and fruit consumption included beliefs of health 
and weight management, and current fruit consumption. While SN consistently appear to be the 
weakest contributor in TPB, some studies found mediating effects of psychological factors on 
predicting health-related behaviors not limited to FV consumption by intention in various 
populations such as anticipated affect, anticipated regret and moral norms serving as a 
compensating predictor (Godin et al., 2010; Rivis, Sheeran, & Armitage, 2009). Regarding 
demographics, some characteristics are more important than others mediating the relationship 
between TPB constructs and behaviors. Godin et al. discovered that age was among the factors that 
significantly predicted daily FV consumption in an overweight or obese adult population in Canada 
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(Godin et al., 2010). McDermott reported a moderating effect of age on the TPB-diet association 
with an age cutoff of 17 years old (McDermott et al., 2015). Emanuel and colleagues found no 
significant effects of gender on TPB explaining FV consumption in 3397 US adults (Emanuel, 
McCully, Gallagher, & Updegraff, 2012). Consistently, Blanchard et al. also did not find gender 
significant in explaining intention of consuming adequate FV as recommended (Blanchard, 
Kupperman, et al., 2009). Nor did McDermott find gender to be a moderator in the TPB-diet 
association (McDermott et al., 2015). Furthermore, how the TPB worked to understand FV 
consumption in college students was invariant by ethnicity in Blanchard’s study. Some individual 
factors may also facilitate the maintenance of behaviors. For example, participants in a nutrition 
intervention trial who received information on self-regulation technique maintained high intake of 
fruits and vegetable 2 years after the completion of the intervention, whereas the control group 
which received the same information except for self-regulation technique returned to baseline 
consumption (Stadler et al., 2010). 
 
Many of these studies are cross-sectional. Therefore, no causal relationships can be drawn based 
on their results. Although validated measurements were used to assess both independent and 
dependent variables, it is inevitable that people may over or under-report their FV consumption. 
Many studies done in adult populations did not separate different age groups, which can be a 
confounding factor of the real relationship between individual factors and FV intake as evidence 
by age being a mediator in the pathway of TPB explaining behaviors. In order to understand the 
true effects of individual factors including but not limited to demographics, habit strength, past 
behavior, anticipated affect and regret, it is critical to evaluate how individual factors interact with 
intention and behavior of consuming FV in older adults alone. 
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4.2.2 Environmental Factors and the Constructs of the Theory of Planned Behavior 
Many studies have used this model to explain the rationale behind health-related behaviors 
including physical activity, dietary intakes, abstinence of undesirable behaviors and risk-taking 
behaviors. Among these behaviors, physical and dietary behaviors are better explained by the 
theory than other behaviors (McEachan et al., 2011). However, TPB does not explicitly explain 
how environmental factors may influence one’s intention to perform a behavior. The key constructs 
determining one’s eating behaviors including attitudes, SN and PBC can be influenced by 
perceptions of environmental factors such as accessibility, cost and social support of and 
transportation to healthy foods. Kamphuis et al. used a modified framework combining the impact 
of environmental determinants and TPB to examine the importance of environmental factors related 
to FV consumption and physical activity (Kamphuis, van Lenthe, Giskes, Brug, & Mackenbach, 
2007). Accessibility to facilities, availability of FV at home and safety concerns were all perceived 
important when determining whether perform a physical activity or FV consumption related 
behavior. Social support also predicted FV intake in a group of myocardial infarction survivors in 
Poland (Luszczynska & Cieslak, 2010). The results also showed a positive association between 
social support at beginning of cardiac rehabilitation and intention of FV intake 2 weeks after 
rehabilitation, which thereafter was positively associated with FV intake 6 months after 
rehabilitation with a notable trend (p<0.1).  
 
Although many studies have looked at the impact of the food environment on dietary intakes, little 
research has been done to explore whether the food environment moderates how TPB predicts 
eating behaviors (Caldwell et al., 2008). Rhodes and colleagues integrated the perceived 
neighborhood environment and TPB to predict walking habits in a Canadian adult sample (Rhodes, 
Brown, & McIntyre, 2006). Results suggested that the perceived neighborhood environment, retail 
land-mix use and neighborhood aesthetics specifically, may influence walking through TPB and 
may also partially explain the intention-behavior gap. A study conducted among low-income 
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women by Gustafson et al. suggested some association between objective and perceived measures 
of the food environment (Gustafson et al., 2011). However, perceived food environment was not 
always predictive of the objective measure. Another study conducted by Giskes et al. showed that 
objective availability and price were not associated with consumption while perceived availability 
and price were associated with food purchasing choices, indicating that perceived food environment 
may be an important element when explaining one’s eating habits or even a stronger indicator of 
behavior than observed food environment (Giskes et al., 2007). When it is rather difficult to 
measure one’s actual behavioral control, which can be affected by both individual knowledge and 
skills and environmental resources, including perceived food environment can be helpful to 
understand the intention-behavior gap. It can also help direct communities to improve the food 
environment to better facilitate consumption of nutrient-dense foods such as FV.  
 
4.3 Measuring the Constructs in the Theory of Planned Behavior 
The constructs of TPB can usually be measured using a questionnaire with one to several questions 
corresponding to each construct. Likert scales with different degrees of agreement and 
disagreement can be used to indicate respondents’ different beliefs, attitudes and SN. Researchers 
need to decide which aspects of the target behavior should be measured in order to truly reflect 
participants’ mental process behind whether or not performing the behavior. The number of 
questions one needs to assess each construct depends on how in depth or broad one wants to learn 
about the behavior or whether there is a validated measure. For example, Miller and Miller 
presented 23 statements to over 1500 U.S. adults recruited online in order to study their attitudes 
toward different aspects of exercising in a health club (Miller & Miller, 2010). Brug et al. assessed 
8 aspects of attitudes toward eating at least two servings of fruit per day in a sample of 1500 Dutch 
participants aged 18 and above (Brug, de Vet, de Nooijer, & Verplanken, 2006). Questions 
assessing one construct should be semantic but differential to build a comprehensive understanding 
of the rationale behind one’s behaviors. 
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Although Ajzen initially proposed attitude as a single composite item, many researchers divide 
attitude further into two categories, affective attitude and instrumental attitude (Rhodes, Fiala, & 
Conner, 2009). Affective attitude evaluates people’s perceptions of pleasure brought by performing 
a behavior while instrumental attitude evaluates people’s beliefs in the benefits associated with the 
behavior, all of which can be measured by scales of agreement (Blanchard, Fisher, et al., 2009; de 
Bruijn, 2010). Studies conducted in different populations have supported the discriminant validity 
between affective and instrumental attitude (Courneya, Conner, & Rhodes, 2006; Rhodes, 
Blanchard, & Matheson, 2006b; Rhodes et al., 2009). 
 
Intention can be measured in multiple ways by using Likert scales and frequency questions or 
questions other than these two. Most commonly, studies assessed participants’ intentions to 
perform the target behaviors by asking how strongly they would agree to perform the behavior 
(Blanchard, Fisher, et al., 2009; Brug et al., 2006; de Bruijn, 2010; Kellar & Abraham, 2005; 
Luszczynska & Cieslak, 2010; Zoellner, Estabrooks, Davy, Chen, & You, 2012). Sometimes 
multiple questions were used to assess intention. For example, Godin measured intention with three 
items including (1) I intend to, (2) I will try to, and (3) I will consume at least five servings of FV 
daily during the next three months (Godin et al., 2010). Kellar measured intention with five items 
such as “I intend to eat the recommended daily intake of fruit and vegetables, definitely no, 
definitely yes”, and “I am going to eat the recommended daily intake of fruit and vegetables, 
definitely no, definitely yes” (Kellar & Abraham, 2005). Blanchard et al. also evaluated participants’ 
intention of FV consumption by asking how often they would eat 5 servings of fruits and vegetable 
per week (Blanchard, Fisher, et al., 2009). Brug et al. evaluated participants’ certainty of their 
willingness to eat 2 servings fruits or more daily besides asking them how strongly they intended 
(Brug et al., 2006). 
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4.4 Summary 
TPB is useful in explaining health-related behaviors such as FV consumption in various populations. 
However, not many studies focused on the functions of individual and environmental factors on 
TPB in older adults. In addition, there is not much research examining how the perceptions of the 
enablers and behavioral settings in the social ecological model influence the key constructs of TPB 
related to FV consumption. My dissertation is aimed at reasoning older adults’ eating behaviors of 
FV consumption by TPB incorporating the influential effects of individual and environmental 
factors.  
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CHAPTER 5 
PURPOSE OF THE STUDY 
 
The literature shows connections between the food environment-- both perceived and observed-- 
and FV consumption, as well as BMI and health outcomes such as hypertension and diabetes 
(Pearce et al., 2008; Sharkey et al., 2010; Timperio et al., 2008). Studies guided by TPB also 
showed the predictive effects of attitudes, SN toward and PBC of FV consumption on the intention 
and action of consumption (Blanchard, Fisher, et al., 2009; Chatzisarantis et al., 2004; Guillaumie 
et al., 2010; Manning, 2009; Sjoberg et al., 2004). However, most of these studies were conducted 
in adults, college students and children and did not investigate how the environment moderated the 
pathway of the TPB in older adults. It is essential to understand how the food environment influence 
older adults’ food choices before communities can take actions to improve it to enhance older adult 
nutrition. Therefore, the overall goal of the proposed study is to identify important environmental 
supports that will facilitate FV consumption in older adults. The first objective of the proposed 
study is to explore older adults’ perceptions of the current food environment and identify which 
factors are important to support FV consumption in a geographically and ethnically diverse 
population. The study will also explore recommendations on improving the food environment at 
the community level from a consumer’s point of view. Secondly, we hope to understand how the 
food environment moderates the TPB pathway of explaining intention and behavior of FV 
consumption in older adults. The third objective is to investigate the relationships between observed 
food environment and FV consumption and health outcomes in older adults living in four counties 
in Western Massachusetts including Berkshire, Franklin, Hampshire and Hampden.  
 
We hope the proposed study will help us understand how older adult consumers perceive their local 
food environment regarding accessibility of food sources, availability and cost of healthy foods 
such as FV, transportation and social support, as well as which factors have the most perceived 
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impact on their ability to consume adequate FV. We also hope to learn whether any individual or 
geographic factors would affect how older adults perceive their food environment. This study will 
also shed light on understanding the impact of the perceived environment on the TPB-
fruit/vegetable consumption relation in older adults. In addition, we hope the study will supplement 
our understanding of how the observed environment predicts FV intake in older adults based on a 
large population. We hope the findings will enable communities to address issues that are most 
demanding by their residents while considering the unique features and priorities of their regions.  
 
5.1 Specific Aims and Hypotheses  
Manuscript 1: Perceived environmental supports of fruit and vegetable consumption among a 
geographically and ethnically diverse older adult population in the US 
Purpose of the Study 
To understand perceived food environment among older adults and explore their recommendations 
of potential changes for communities to facilitate FV consumption 
Specific Aims and Hypotheses 
Aim 1.1: To describe the food environment perceived by a geographically and ethnically diverse 
older adult population 
Hypotheses 
• Older adults will describe their food environment as low accessibility and high cost of FV. 
• High-income and highly educated older adults will have a better perceived food 
environment than low-income older adults and/or older adults with low education levels. 
Aim 1.2: To identify important environmental enablers and behavioral settings that can influence 
older adults’ decisions related to FV consumption among older adult consumers in a geographically 
and ethnically diverse population  
Hypotheses 
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• Older adults will perceive access to and cost of FV the most important in facilitating their 
FV consumption. 
• Older adults will identify food stores, congregate meal sites, restaurants and senior centers 
as the most important behavioral settings where they can consume adequate FV.  
Aim 1.3: To explore older adult consumers’ recommendations to improve the local food 
environment in terms of accessibility to food resources, cost of FV, transportation, social support, 
living accommodations for FV consumption at congregate meal sites, food stores, food 
banks/pantries, health care settings, religious organizations, restaurants and food outlets, and senior 
housing at the community level 
 
Manuscript 2: Exploring the moderating effect of perceived food environment on the Theory of 
Planned Behavior and fruit and vegetable consumption in older adults 
Purpose of the Study 
To test how the TPB explains FV consumption in older adults when including perceived food 
environment in the model 
Specific Aim and Hypothesis 
Aim 2.1: To investigate the associations between perceived food environment and FV consumption 
among older adults 
Hypotheses 
• The perceived accessibility of behavioral settings, availability of FV, transportation 
services will be positively associated with FV consumption. 
• The price of FV will be negatively associated with FV consumption. 
• The overall perceived food environment will be positively associated with consumption of 
FV. 
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Aim 2.2: To investigate whether perceived food environment will moderate the TPB-
fruit/vegetable consumption relation 
Hypothesis 
• Perceived food environment will have a significant moderating effect on the TPB-
fruit/vegetable consumption relations. 
 
Manuscript 3: Environmental effects on fruit and vegetable consumption and body mass index in 
older adults in western Massachusetts 
Purpose of the Study 
To investigate which environmental factors may explain FV consumption and BMI in older adults 
in Western Massachusetts 
 
Specific Aim and Hypothesis 
Aim 3: To explore the relationships between observed local food environment (accessibility to 
food sources, cost and availability of FV, transportation and social support) and self-reported FV 
consumption as well as BMI among older adults in Western Massachusetts including Berkshire, 
Franklin, Hampden and Hampshire Counties  
Hypotheses 
• The accessibility, availability, transportation to and social support of FV will be positively 
associated with intakes of FV and negatively associated with BMI. 
• The cost of FV will be negatively associated with intakes of FV and positively associated 
with BMI. 
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CHAPTER 6 
MATERIALS AND METHODS 
 
6.1 Perceived Food Environment, the Theory of Planned Behavior, Fruit and Vegetable 
Consumption 
6.1.1 Study Sample 
Participants were community-dwelling older adults aged 60 and older from MA, IL, and IA. The 
majority of MA respondents and all respondents from IL and IA were English speakers. A small 
portion of MA respondents were native Spanish and Vietnamese speakers. A sample recruitment 
flyer and informed consent approved by the Institutional Review Board at the University of 
Massachusetts Amherst are attached in Appendices C and D. 
 
6.1.2 Study Setting 
MA and IA respondents were recruited from senior centers, senior housing, and congregate meal 
sites while IL respondents were recruited via online announcements. Researchers administered the 
survey to MA and IA participants at those senior service-providing organizations. Enacted by the 
Older Americans Act (OAA), the OAA Nutrition Program serves over 2.6 million adults aged 60 
and older annually to reduce food insecurity and promote health and well-being of older adults 
(Kamp et al., 2014). Senior centers and congregate meal sites form an essential part of the OAA 
Nutrition Program by serving those who come from low-income households, are minorities, live 
alone, and live in rural areas. Besides prepared meals, an increasing number of older adults also 
need living accommodations to meet their individual needs in daily living (Bernstein & Munoz, 
2012). 
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6.1.3 Assessment of Perceived Food Environment, TPB Constructs, and Fruit and Vegetable 
Consumption 
We conducted a researcher-administered survey guided by a social-ecological framework modified 
for older adults (Cohen, n.d.) and TPB to evaluate participants’ perceived food environment, their 
attitudes, SN, PBC, intention and intake of FV (Appendix E). Six enablers were included in the 
survey: accessibility, availability and affordability of FV, transportation services to food sources, 
social support for FV consumption, and living accommodations interpreted as any arrangements or 
assistance to facilitate FV consumption. Participants also rated the importance of enablers and 
behavioral settings in their perceived local food environment on Likert scales. Open-ended 
questions were asked to obtain participants’ recommendations for improving the food environment 
to address different groups of behavioral settings. Online training on survey administration was 
provided by researchers at the University of Massachusetts Amherst. The Institutional Review 
Boards at the University of Illinois at Urbana-Champaign, Iowa State University, and the 
University of Massachusetts Amherst approved the study. More details are described in Chapters 
7 and 8.  
 
6.2 Observed Food Environment, Fruit and Vegetable Consumption, and BMI 
6.2.1 Study Sample 
Our study area included all the towns/cities in the four counties in western Massachusetts, which 
are Berkshire, Franklin, Hampden and Hampshire Counties. We assessed the food environment for 
older adults with regard to enablers of healthy eating (distribution of different types of food retailers, 
in-store availability and prices of FV, availability of public transportation, and access to social 
support).  
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6.2.2 Study Setting 
The Pioneer Valley (Hampden, Hampshire and Franklin Counties) surrounds the Connecticut River 
with Springfield, Chicopee and Holyoke as the urban core and rural towns in the rest of the area as 
well as in Berkshire County, featuring agricultural opportunities and a past of manufacturing 
industry (Pioneer Valley Planning Commission, 2015). Western Massachusetts consists of many 
rural towns where a higher than state level percentage of older adults live below the poverty line 
(Dugan, Porell, & Silverstein, 2015). The older adult population keeps growing as seen in Berkshire 
County for instance (Berkshire Regional Planning Commission, 2015). 
 
6.2.3 Assessment of the Observed Food Environment, Fruit and Vegetable Consumption, 
and BMI 
We defined healthful food retailers as places where older adults can regularly obtain a variety of 
FV. This category consisted of supermarkets, grocery stores, and farmers’ markets. Unhealthful 
food retailers consisted of supercenters, convenience stores, dollar stores, and fast-food restaurants 
where FV are difficult to find and calorie-dense food items are abundant. Accessibility of FV was 
evaluated as the average distance to healthful food retailers in a town/city in ArcGIS® by ESRI 
(Desktop, version 10. Redlands, CA: Environmental System Research Institute). The ratio of 
healthful retailers to the sum of healthful and unhealthful retailers was included in data analysis. 
Availability and prices of FV were collected using a store assessment tool modified from the Texas 
Nutrition Environment Assessment Tool (Appendix F) (Gloria & Steinhardt, 2010). Density of 
religious settings and senior programs (senior centers and congregate meal sites) in a town/city was 
used as a proxy of social support as these behavioral settings were considered as the most important 
to address social support for healthy eating in older adults (Sylvie et al., 2013). Availability of 
public transportation was also assessed. Data on FV intake, demographics, and BMI were retrieved 
from the 2015 Behavioral Risk Factor Surveillance System (BRFSS) (Centers for Disease Control 
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and Prevention, 2016). For the purposes of our study, only adults aged 60 and older who lived in 
western Massachusetts counties were included.  More details are described in Chapter 9. 
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CHAPTER 7 
PERCEIVED ENVIRONMENTAL SUPPORTS FOR FRUIT AND VEGETABLE 
CONSUMPTION AMONG A GEOGRAPHICALLY AND ETHNICALLY DIVERSE 
OLDER ADULT POPULATION IN THE US 
 
7.1 Abstract 
Older adults have inadequate fruit and vegetable (FV) intake. The perceived food environment 
influences consumers’ food choices via enablers (factors facilitating behavioral change), and 
behavioral settings (places where behaviors occur). This study aims to describe older adults’ 
perceived food environment, identify the most important enablers and behavioral settings, and 
explore older adult consumers’ recommendations to facilitate FV consumption. Participants aged 
60 and older from MA, IA, and IL were recruited from senior housing, senior centers, congregate 
meal sites in person and via online announcements. A researcher-administered survey was 
conducted to collect information on consumers’ perceptions of the food environment and their 
recommendations for improving the local food environment to address the most important enablers 
and behavioral settings. Overall, participants rated their current food environment for FV 
consumption positively. All participating states perceived accessibility as the most important 
enabler of FV consumption, followed by affordability, transportation, social support and living 
accommodation/assistance. Supermarkets were rated the most important behavioral setting to 
facilitate FV consumption across all study sites. However, variations were observed with regard to 
ratings of behavioral settings among study sites. Participants proposed recommendations for food 
stores, senior nutrition programs, farmers’ markets and restaurants to address enablers including 
availability of FV, food quality, accessibility and affordability of FV, marketing, variety, portion 
sizes, options and navigation. Interventions promoting accessible, affordable, quality FV may 
improve older adult consumers’ perceptions of their food environment, which may have a positive 
impact on their FV intake. 
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Keywords: Older adults, social-ecological framework, enablers, behavioral settings, fruits and 
vegetables, perceived food environment 
 
7.2 Introduction 
Consumption of nutrient-dense foods such as fruits and vegetables (FV) can attenuate the 
deteriorating effects of aging, and is associated with improved cholesterol levels, glycemic control, 
and digestive health (Cherniack et al., 2009; Gu et al., 2010; Nurk et al., 2009). As part of a healthy 
diet, FV can reduce the risks of obesity and certain types of cancer, type 2 diabetes and 
cardiovascular diseases (Bernstein & Munoz, 2012; Boeing et al., 2012; Ledoux, Hingle, & 
Baranowski, 2011; Tourlouki et al., 2009). However, older adults in the U.S. do not consume the 
recommended intake of FV (Lee-kwan, Moore, Blanck, Harris, & Galuska, 2017), in which 
contributes to rising prevalence of chronic diseases (Bernstein & Munoz, 2012; Kuczmarski & 
Weddle, 2005).  
 
Food environments are linked to FV consumption and weight status (Bodor et al., 2008; Caldwell 
et al., 2008; Herforth & Ahmed, 2015; Li, Harmer, Cardinal, Bosworth, et al., 2009; Morland & 
Evenson, 2009; Sharkey et al., 2010; Zenk et al., 2009). As a useful tool to study the impact of the 
food environment on behavioral change, a social-ecological model of healthy eating specifically 
designed for older adults comprises multi-level factors of the individuals and environments that 
influence consumers’ food choices (Figure 7.1). Enablers of social choice are factors that facilitate 
behavioral change such as accessibility, affordability and transportation. Behavioral settings are 
places such as supermarkets, senior centers, and congregate meal sites where food-related 
behaviors take place. Previous studies based on this model generated a list of important enablers of 
healthy eating in older adults including accessibility, transportation, social support, affordability, 
and living accommodations among national experts in gerontological nutrition and community 
organization professionals working with older adults (Jiang et al., 2017; Sylvie et al., 2013). 
 
 
 63 
Important behavioral settings included congregate nutrition sites, food stores, senior housing, 
health care settings, religious settings, and restaurants. However, it is not known if older consumers 
themselves hold the same priorities on enablers and behavioral settings. 
 
The perceived food environment -- evaluated by subjective measures such as perceived store access, 
variety and prices of food -- is also associated with consumer food choices and dietary intake 
(Caldwell et al., 2008; Lucan, Hillier, Schechter, & Glanz, 2014; Sharkey et al., 2010). Objective 
measures of the food environments may not fully explain consumers’ behavior because consumers 
may not perceive certain resources or food groups as available (Chen & Kwan, 2015). Therefore, 
communities can help older adults improve their FV consumption by alleviating the gap between 
perceived environmental factors and the actual food environment and by creating a food 
environment that is easy for older adults to navigate. However, limited research comprehensively 
investigates older adults’ perceptions of their food environment to help communities set priorities 
when time and resources are scarce.  
 
The purposes of the current study are to: 1) describe the perceived food environment supporting 
FV consumption among a geographically and ethnically diverse older adult population, 2) identify 
the most important enablers and behavioral settings that can influence older adults’ decisions about 
FV consumption, and 3) explore recommendations that older adults have for improving the local 
food environment.  
 
7.3 Methods 
7.3.1 Data Collection 
Quantitative data collection: This was a mixed methods cross-sectional study. Community-
dwelling older adults aged 60 and older from MA, IL, and IA were recruited via online 
announcements and in person from senior centers, senior housing, and congregate meal sites to 
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complete a researcher-administered survey guided by a social-ecological framework of healthy 
eating (Cohen, n.d.) (Figure 7.1). Participants evaluated enablers in their food environment which 
were considered important for FV consumption in previous studies (Jiang et al., 2017; Sylvie et al., 
2013). Six enablers were included in the survey: accessibility, availability and affordability of FV, 
transportation services to food sources, social support for FV consumption, and living 
accommodations (defined as any arrangements or assistance to facilitate FV consumption). 
Perceived accessibility of FV was measured by the ease with which participants were able to access 
FV on a scale from 1 = very difficult to 5 = not at all difficult. Participants also rated the difficulty 
of accessing a list of behavioral settings where FV might be available, including congregate meal 
sites, supermarkets/supercenters, grocery stores, convenience stores, food banks/pantries, religious 
organizations, full-service restaurants, fast-food restaurants, senior housing, senior centers and 
farmer’s markets/mobile markets/farm stands on a scale from 1 = very difficult to 5 = not at all 
difficult. Convenience stores and fast-food restaurants were reversely coded from 1 = not at all 
difficult to 5 = very difficult since the CDC defined them as “less healthy retailers” (Centers for 
Disease Control and Prevention, 2013a). Perceived availability of FV was rated on a scale from 1 
= very poor to 5 = excellent with the question reading “how would you rate the selection of fruits 
and vegetables available at the food store you go most often” modified from Gustafson’s study in 
2011 (Gustafson et al., 2011). Perceived affordability was rated on a scale from 1 = poor to 5 = 
excellent to the question “How would you rate the price of fruits and vegetables at your primary 
food store?” based on the Sharkey study (Sharkey et al., 2010). Participants were asked to identify 
their primary transportation to purchase FV followed by the question “How difficult is it for you to 
use the transportation mentioned in the previous question to buy fruits and vegetables?” on a scale 
from 1 = very difficult to 5 = not at all difficult to measure the perceived transportation. Perceived 
social support was measured by how frequently a family member, friend, acquaintance, neighbor, 
caregiver or home health aide, which were sources of social support, “eat fruits and vegetables with 
me,” “encourage me to eat more fruits and vegetables,” and “help me plan my fruit and vegetable 
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consumption,” on a scale from 1 = never to 5 = always. These three questions were modified from 
a three-item short version of the validated Family and Friends Support for Heart Healthy Eating 
Habits Scale (Warner, Ziegelmann, Schuz, Wurm, & Schwarzer, 2011) which has been used in a 
previous study on FV intake (Fernández, Warner, Knoll, Montenegro, & Schwarzer, 2015). 
Questions based on statements related to shopping and food preparation from the Instrumental 
Activities of Daily Living Scale (Lawton & Brody, 1969) were used to assess need for food-related 
assistance. A follow-up question assessed how frequent participants believed they would receive 
assistance in grocery shopping and food preparation if needed as a measure of living 
accommodations. Participants also rated the importance of enablers and behavioral settings in their 
perceived local food environment on Likert scales from 1 = not at all important to 5 = very 
important.  
 
Qualitative data collection: Open-ended questions were asked to obtain participants’ 
recommendations for improving the food environment. Behavioral settings were grouped into three 
categories according to their nature: 1) food stores including supermarkets, convenience stores, and 
dollar stores; 2) senior programs and services including senior centers, senior housing, and 
congregate meal sites; and 3) other behavioral settings. The interviewing researchers recorded 
participants’ responses in writing. Demographic information was collected using the 2011 
Behavioral Risk Factor Surveillance System (BRFSS) (Centers for Disease Control and Prevention 
(CDC), 2011), including age, gender, race/ethnicity, marital status, education level, income, 
employment status, whether or not living with children or grandchildren younger than 18, and car 
ownership. Self-reported overall health status was also collected. The Institutional Review Boards 
at the University of Illinois at Urbana-Champaign, Iowa State University, and the University of 
Massachusetts Amherst approved the study.  
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7.3.2 Data Analysis 
Quantitative data analysis: Descriptive data analysis was conducted to examine the demographic 
features of the study sample, how participants perceived their food environment, and how 
participants rated the importance of the enablers and behavioral settings in the food environment 
to promote FV consumption. Survey results from all study sites were pooled for data analysis. 
Preliminary data analysis was conducted to determine the pattern of missing data before further 
analysis. Available case analyses were conducted for this study. Frequency of each variable by state 
and in the overall sample was tabulated. Enablers from the perceived food environment including 
living accommodations/assistance, accessibility, availability, affordability, transportation and 
social support as well as demographic variables were collapsed to fewer categories to increase 
power of data analysis. Transportation was not included in data analysis for individual enablers due 
to lack of variation. The new categories for enablers included: accessibility (1 = not at all difficult, 
0 = a little difficult to very difficult or varies), availability (1 = excellent or good, 0 = neutral to 
very poor or varies), affordability (1 = excellent or good, 0 = neutral to very poor or varies), 
transportation (1 = not at all difficult, 0 = a little difficult to very difficult), social support, and 
living accommodations/assistance (1 = always or often, 0 = sometimes, rarely or never). Dummy 
variables were created for categorical variables. All enablers were summed up to create a new 
variable for the overall perceived food environment. Multivariate logistic regression was used to 
identify demographic variables that had an impact on the ratings of the perceived food environment. 
SAS/EnglishTM (Released in 2013. Version 9.4. Cary, NC: SAS Institute Inc.) was used for data 
analyses.  
 
Qualitative data analysis: Emergent qualitative document analysis was run to explore and 
summarize themes related to recommendations proposed by participants to help build a FV 
encouraging food environment. Two researchers independently coded each participant’s responses 
with brief but descriptive labels, which were phrases that summarized the general message a 
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participant conveyed. When responses no longer necessitated the creation of new labels, 
researchers compared and discussed coding to achieve consensus on any discrepancies and rename 
labels when needed. All responses were coded with adjusted labels until complete agreement was 
reached between the two researchers. Axial coding was used to form broader categories by 
clustering or grouping similar labels. Frequency of each category was counted to represent the 
commonality among responses. 
 
7.4 Results 
Quantitative data analysis results: A total of 142 adults aged 60 and older completed the survey. 
Demographics of the three study sites are shown in Table 7.1. Most participants were female, white, 
living above 185% poverty line, retired, food secure, in good to excellent health, independent 
regarding food-related instrumental activities of daily living, and owned at least one vehicle. 
Variations existed across different sites. IL participants had the youngest mean age and the highest 
percentage being married, employed, having car ownership, reporting good to excellent health, 
independently performing food-related instrumental activities of daily living, and living with 
someone in the household. MA participants had the most diverse racial/ethnic composition and the 
fewest being married, being food secure, and having car ownership. IA participants had the highest 
percentage receiving college or higher education with no one living below 185% poverty line. Over 
half of the participants lived alone including the majority of the participants from MA and IA, while 
the majority of the participants from IL reported living with other adults.  
 
Overall, participants rated their current food environment for FV consumption positively (Table 
7.2). Roughly 85% and 93% of respondents did not perceive any difficulty in access to FV or access 
to transportation, respectively. Most participants also reported having good or excellent availability 
of FV where they shopped most often. However, only 60% of the participants perceived the price 
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of FV as very affordable. Nearly one third of the participants did not believe they could receive 
living assistance with grocery shopping or meal preparation as often as needed. 
 
Participants who reported better accessibility of FV were those who had higher education levels, 
married, and reported better overall health status (Table 7.3). None of the demographic variables 
were found significantly associated with perceived living accommodations/assistance and 
perceived availability of FV. Participants from IA, those who were black and those who had a 
household income equal to or above 185% of the poverty line perceived that FV were more 
affordable than participants who were from MA, white, and below the poverty line (Table 7.3 
continued). Participants from MA had the most perceived social support for FV consumption 
compared to participants from the other two states. Females perceived less access to social support 
for FV consumption than men did. Participants in the middle income group reported lower 
perceived social support compared to the lowest income group. 
 
Pooled results of all sites showed that participants rated accessibility and affordability of FV the 
most important to facilitate intake of these two food groups while living accommodations were 
ranked the least important (Table 7.4). It is worth noting that all study sites ranked the five enablers 
investigated in the same order despite variations in importance scores across sites.   
 
Overall, participants rated supermarkets as the most important behavioral setting to enable high 
intake of FV, followed by farmers’ markets, full-service restaurants, farm stands, and supercenters 
(Table 7.5). The least important were convenience stores, dollar stores, and charitable facilities. 
Supermarkets were also rated the most important by each individual study site. Other behavioral 
settings were ranked differently across study sites. Farmers’ markets were considered as one of the 
most important behavioral settings by participants from MA and IL but not IA. Senior housing was 
rated more important by MA and IA than IL. MA participants also perceived charitable facilities 
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such as food pantries, community-supported agriculture, religious sites, and mobile markets as 
more important than the other two sites. Supercenters and limited-service restaurants such as fast-
food restaurants and delicatessens were among the most important places among IL participants to 
obtain FV. 
 
Qualitative data analysis results: In addition, participants provided recommendations addressing 
environmental enablers of FV consumption that can be adopted by different behavioral settings 
including food stores (supermarkets, grocery stores, convenience stores), senior programs (senior 
centers, senior housing, congregate meal sites), and other settings (farmers’ markets, farm stands, 
restaurants). The most frequently addressed enabler for food stores was affordability followed by 
food quality, marketing strategies to improve the display and location of FV, and availability of FV 
(Table 7.6). Participants suggested that food stores lower FV prices, offer sales or discounts, and 
donate FV to seniors (Appendix G). They also recommended improvements to food quality with 
fresher FV and opportunities for consumers to examine the quality before purchase. Another theme 
was to market FV with better presentation and easily seen locations. Additionally, participants 
emphasized increasing availability by always maintaining a good supply especially fresh FV at all 
types of food stores. The most frequently mentioned enabler for senior programs and other settings 
was availability followed by food quality. Participants demanded more FV including the fresh form 
at meals provided by congregate meal sites and restaurants as well as increasing the frequency of 
congregate meals provided by senior nutrition programs. Recommendations for farmers’ markets 
also addressed affordability by reducing prices and offering senior discounts and accessibility by 
expanding locations especially along the routes of public transportation. No recommendations or 
comments regarding social support and few recommendations regarding the transportation system 
were mentioned by the participants.  
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7.5 Discussion  
Overall, participants rated their current food environment for FV consumption positively. A 
majority perceived their food environments as “not at all difficult” to access FV, having good to 
excellent availability of FV, and “not at all difficult” to access transportation for traveling to 
locations for grocery shopping. Participants in a previous study also reported easy access to FV 
regardless of whether they met the recommended FV intake (Griffith et al., 2016). Accessibility of 
FV was also rated as the most important enabler across all three study sites. High perceived 
accessibility to food stores especially supermarkets was associated with high perceived produce 
availability and better health status among adults including rural seniors, which further promoted 
FV consumption (Caldwell et al., 2008; Lucan, Hillier, et al., 2014; Sharkey et al., 2010). Perceived 
availability of FV in small grocery stores was also linked to a more desirable BMI, indicating 
opportunities for interventions to improve availability at places other than supermarkets and large 
grocery stores (Zenk et al., 2017). Low perceived accessibility of FV may lead to underutilization 
of available resources where FV are available, suggesting that perceived accessibility can 
sometimes better explain consumers’ consumption than objective measures of access to FV 
(Wetherill & Gray, 2015). 
 
Affordability was previously rated as the most important enabler among national experts in 
gerontological nutrition and community organization professionals working with older adults 
(Jiang et al., 2017; Sylvie et al., 2013). Perceived affordability of FV was the second most important 
enabler among participants in this study; 60% of them described affordability of FV as “good”. 
Furthermore, our data showed that participants having an income of over 185% poverty line had 
the highest perceived affordability. This overlapped with previous research suggesting healthy 
foods including FV cost more than less healthy foods (Darmon & Drewnowski, 2015; Drewnowski, 
2010; Kern et al., 2017). Some consumers travel longer distance to shop at lower-priced 
supermarkets, which may be challenging for older adults (Aggarwal et al., 2014). Our participants 
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made suggestions for food stores to address the affordability of FV, which is consistent with the 
evidence that price-reducing strategies adopted by supermarkets effectively increased FV 
purchases and consumption (Phipps et al., 2014). However, existing interventions have not helped 
consumers reach the goal of FV intake (Rekhy & McConchie, 2014), indicating possible needs of 
interventions aimed at bringing more affordable FV to older adult consumers.  
 
Although living accommodation and social support were linked to FV consumption in previous 
studies (Griffith et al., 2016; Jiang et al., 2017; Sylvie et al., 2013), our participants did not perceive 
reliable living accommodation/assistance or social support as always accessible. Cronbach’s Alpha 
evaluated the reliability of the scales used to measure social support in our study (a=0.58), which 
might be due to the small number of items included in the measure of social support. We might be 
able to see more impact of social support on FV intake with a larger sample size. In addition, living 
accommodation/assistance and social support, along with transportation, were also rated less 
important by the participants compared to accessibility and affordability of FV, which is consistent 
with the fact that no or few recommendations for changes at behavioral settings were focused on 
those three enablers. However, it is important to address enablers that were rated negatively by the 
consumers including perceived affordability and living accommodation/assistance since negative 
perceptions of the food environment have been linked to increased consumption of fast food (Lucan 
& Mitra, 2012). Conversely, positive perceptions of the food environment might help shift the 
consumption away from unhealthy foods including fast food, which may indirectly help increase 
consumption of healthy foods such as FV (Lucan & Mitra, 2012). 
 
Supermarkets were rated the most important behavioral setting to facilitate FV consumption across 
all study sites, which is consistent with the ratings among national experts (Jiang et al., 2017; Sylvie 
et al., 2013) as most people shop for groceries at supermarkets (Ploeg, Mancino, Todd, Clay, & 
Scharadin, 2015). Besides affordability, respondents’ recommendations for food stores also 
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focused on food quality, which was one of the most frequently mentioned enablers across all the 
behavioral settings included in the open-ended questions, although food quality was not listed 
among the top priorities in previous studies (Jiang et al., 2017; Sylvie et al., 2013). Interventions 
to address food quality are needed to facilitate FV consumption as it can play an important role 
during consumers’ decision-making process when purchasing groceries and ordering food at 
restaurants (Alber, Green, & Glanz, 2018; Blitstein, Snider, & Evans, 2012; Ryu, Lee, & Kim, 
2012). 
 
Although senior nutrition programs such as congregate meals have effectively improved their 
participants’ food security and nutrition status (J. S. Lee et al., 2011), not all study sites in our 
project rated these programs as the most important behavioral settings. Senior centers and 
congregate meal sites were among the highest rated behavioral settings by MA participants but not 
IL participants. The differences may be explained by the fact that participants from MA were 
recruited at senior centers and congregate meal sites while participants from other two sites were 
recruited at senior housing or via the internet. In addition, IL participants rated farmers’ markets 
and restaurants as significantly more important than the other two sites. A possible explanation is 
that IL participants had higher education and income levels, which might be linked to more frequent 
use of farmers’ markets and restaurants as the cost of FV at these behavioral settings was usually 
higher than grocery stores (Byker, Shanks, Misyak, & Serrano, 2012; N. H. Valpiani, Wilde, 
Rogers, & Stewart, 2016). Consumers are often not aware that financial support was available to 
help low-income consumers shop more FV at farmers’ markets (Wetherill & Gray, 2015). This 
necessitates for efforts to better inform consumers of available resources and assistance.  
 
The strength of our study is that we evaluated older adult consumers’ perceptions of the food 
environment comprehensively including factors uniquely meaningful to older adults such as living 
accommodation/assistance and behavioral settings like senior nutrition programs. Furthermore, the 
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qualitative aspect provided directions for future environmental interventions to promote FV 
consumption in older adults. One limitation of the study was the potential selection bias. A majority 
of the participants were recruited at community facilities such as senior centers, congregate meal 
sites, senior housing and food pantries; therefore, perceptions and opinions of older adults who do 
not attend these senior programs might be underrepresented. Another limitation was the preliminary 
list of enablers, behavioral settings and areas for community improvement, which might have led 
participants to answers more desired by the researchers. We included a wide selection of enablers 
and behavioral settings based on previous studies and open-ended questions to probe for 
recommendations pertaining to enablers that were not listed. New themes of recommendations 
beyond the preliminary list were added in data analysis.  
 
7.6 Conclusions 
Overall, participants perceived their current food environment for FV consumption as easy to 
access, having FV greatly available, and having easy access to transportation. Affordability was 
rated important by older adult consumers yet was not perceived as always obtainable. Promoting 
accessible, available, affordable and quality FV can be important to facilitate the consumption of 
FV among older adults, especially at food stores, senior nutrition programs, restaurants and farmers’ 
markets.  
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Figure 7.1. Modified social ecological framework for older adults 
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Table 7.1. Demographics of the study sample  
Demographic  MA (n=58) IL (n=50) IA (n=34) Total 
(n=142) 
Age Mean (SD) 73.7 (9.1) 67.7 (6.8) 83.5 (4.9) 73.9 (9.6) 
 
Gender 
Male n (%) 6 (10.3) 12 (24.0) 8 (23.5) 26 (18.3) 
Female n (%) 52 (89.7) 38 (76.0) 26 (76.5) 116 (81.7) 
 
Race 
White n (%) 32 (55.2) 46 (92.0) 33 (97.1) 111 (78.2) 
Black or African American n (%) 18 (31.0) 1 (2.0) 0 19 (13.4) 
Other n (%) 8 (13.8) 3 (6.0) 1 (2.9) 12 (8.5) 
 
Marital Status 
Married n (%) 8 (13.8) 35 (70.0) 16 (47.1) 59 (41.5) 
Other n (%) 50 (86.4) 15 (30.0) 18 (52.9) 83 (58.5) 
 
Education 
High school or lower n (%) 34 (58.6) 46 (92.0) 2 (5.9) 82 (57.7) 
Some college or higher n (%) 24 (41.4) 4 (8.0) 32 (94.1) 60 (42.3) 
 
Income1 
Below 100% poverty line n (%) 24 (45.3) 1 (2.1) 0 25 (19.7) 
£100% and <185% poverty line n (%) 15 (28.3) 1 (2.1) 0 16 (12.7) 
³ 185% poverty line n (%) 14 (26.4) 46 (95.8) 26 (100) 86 (68.3) 
 
Employment 
Employed n (%) 4 (6.9) 21 (42.0) 0 25 (17.6) 
Retired n (%) 37 (63.8) 27 (54.0) 34 (100.0) 98 (69.0) 
Unemployed n (%) 17 (29.3) 2 (4.0) 0 19 (13.4) 
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Table 7.1. Continued. Demographics of the study sample  
Demographic  MA (n=58) IL (n=50) IA (n=34) Total 
(n=142) 
Car Ownership 
Yes n (%) 38 (65.5) 50 (100.0) 29 (85.2) 117 (82.4) 
No n (%) 20 (34.5) 0 5 (14.8) 25 (17.6) 
 
Health1 
Good to excellent n (%) 40 (71.4) 48 (96.0) 31 (91.2) 119 (85.0) 
Fair or poor n (%) 16 (28.6) 2 (4.0) 3 (8.8) 21 (15.0) 
 
Food security 
High or marginal n (%) 37 (63.8) 48 (96.0) 34 (100.0) 119 (83.8) 
Low n (%) 17 (29.3) 1 (2.0) 0 18 (12.7) 
Very low n (%) 4 (6.9) 1 (2.0) 0 5 (3.5) 
 
Food-related instrumental activities of daily living2 
3 n (%) 37 (63.8) 48 (96.0) 32 (94.1) 117 (82.4) 
1-2 n (%) 18 (31.0) 2 (4.0) 2 (5.9) 22 (15.5) 
0 n (%) 3 (5.2) 0 0 3 (2.1) 
 
Living status 
Living alone n (%) 40 (70.0) 13 (26.0) 23 (67.6) 76 (53.5) 
Living with other adults n (%) 16 (27.6) 36 (72.0) 11 (32.4) 63 (44.3) 
Living other adults and 
children/grandchildren under 18 
n (%) 2 (3.4) 1 (2.0) 0 3 (2.1) 
1Available case analysis was performed for all variables. Missing data was not displayed. 
2A higher score indicates a higher level of independence. 
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Table 7.2. Ratings of enablers in the perceived food environment 
Enabler  MA (n=58) IL (n=50) IA (n=34) Total (n=142) 
Access to FV 
Not at all difficult  n (%) 48 (82.8) 43 (86.0) 30 (88.2) 121 (85.2) 
A little to very difficult2  n (%) 10 (17.2) 7 (14.0) 4 (11.8) 21 (14.8) 
 
Availability of FV 
Good or excellent n (%) 49 (84.5) 45 (90.0) 34 (100.0) 128 (90.1) 
Very poor to neutral or varies n (%) 9 (15.5) 5 (10.0) 0 14 (9.9) 
 
Affordability of FV1 
Good or excellent n (%) 27 (46.6) 34 (68.0) 23 (71.9) 84 (60.0) 
Very poor to neutral or varies n (%) 31 (53.4) 16 (32.0) 9 (28.1) 56 (40.0) 
 
Access to transportation 
Not at all difficult n (%) 52 (89.7) 48 (96.0) 32 (94.1) 132 (93.0) 
A little to very difficult n (%) 6 (10.3) 2 (4.0) 2 (5.9) 10 (7.0) 
      
Access to social support Mean score 
(SD)3 
2.7 (1.0) 2.1 (0.6) 2.4 (0.9) 2.4 (0.9) 
 
Access to living accommodations/assistance 
Often to always n (%) 33 (56.9) 40 (80.0) 27 (79.4) 100 (70.4) 
Never to sometimes n (%) 25 (43.1) 10 (20.0) 7 (20.6) 42 (29.6) 
1Available case analysis was performed for all variables. Missing data was not displayed. 
2No participant rated their access to FV as very difficult. 
3Possible range of the score: 1-5 with a higher score indicating better access to social support 
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Table 7.3. Relationships between demographics and perceived environmental enablers of fruit and vegetable consumption  
Demographic Accessibility of FV Living accommodations/assistance 
with grocery shopping and meal 
preparation  
Availability of FV 
 Odds Ratio 95% CI Odds Ratio 95% CI Odds Ratio 95% CI 
State1 
MA Reference Reference  
IL 0.49 (0.09, 2.58) 2.02 (0.57, 7.19) --                       -- 
IA 0.78 (0.12, 5.08) 2.25 (0.62, 8.21) 
Female 1.12 (0.27, 4.68) 0.78 (0.24, 2.51) 1.12 (0.19, 6.65) 
Education 
High school or lower Reference Reference Reference 
Some college or 
higher education 
5.34* (1.25, 22.88) 1.33 (0.45, 3.96) 2.57 (0.52, 12.67) 
Race 
White Reference Reference Reference 
Black 2.11 (0.33, 13.48) 1.92 (0.52, 7.06) 2.00 (0.31, 12.73) 
Other 0.82 (0.14, 4.84) 0.25 (0.05, 1.26) 0.73 (0.06, 9.34) 
Being married 5.17* (1.20, 22.28) 1.22 (0.44, 3.40) 4.00 (0.68, 23.63) 
Income 
< 100% poverty line Reference   Reference   Reference   
³ 100%, < 185% 
poverty line 
0.36 (0.06, 1.99) 2.71 (0.83, 8.80) 1.72 (0.30, 9.86) 
³ 185% poverty line 1.29 (0.19, 8.95) 2.34 (0.60, 9.20) 1.38 (0.20, 9.38) 
Car ownership 0.70 (0.15, 3.32) 1.14 (0.33, 3.96) 0.20 (0.02, 2.07) 
Overall health 5.25* (1.27, 21.71) 0.50 (0.14, 1.85) 0.33 (0.03, 3.36) 
*p<0.05, **p<0.01 
1State was not included in the regression analysis to predict availability of FV due to lack of variation in the state of Iowa.  
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Table 7.3. continued. Relationships between demographics and perceived environmental enablers of fruit and vegetable consumption 
 
Demographic Affordability of FV Social support for FV 
consumption 
 Odds Ratio 95% CI Coefficient 
MA Reference 
IL 2.57 (0.75, 8.73) -0.95** 
IA 4.01* (1.14, 14.10) -0.62* 
Female 0.98 (0.36, 2.72) -0.57* 
High school or lower Reference 
Some college or higher education 0.86 (0.29, 2.49) 0.03 
White Reference 
Black 4.66* (1.16, 18.69) 0.17 
Other 0.72 (0.13, 3.96) 0.05 
Being married 1.06 (0.40, 2.76) 0.15 
< 100% poverty line Reference 
³ 100%, < 185% poverty line 3.10 (0.96, 10.07) 0.44* 
³ 185% poverty line 6.05* (1.30, 28.10) 0.07 
Car ownership 0.73 (0.19, 2.71) -0.30 
Overall health 3.81 (0.98, 14.75) 0.43 
 
*p<0.05, **p<0.001 
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Table 7.4. Perceived importance of enablers to facilitate fruit and vegetable intake 
Enabler MA (n=58) IL (n=50) IA (n=34) Total (n=142) 
Accessibility  4.5 (1.0)A 4.8 (0.5)AB 4.9 (0.3)B 4.7 (0.8) 
Affordability 4.5 (0.7)A 4.3 (0.8)AB 4.0 (1.2)B 4.3 (0.9) 
Transportation 4.1 (1.5)A 2.4 (1.9)B 3.6 (1.8)A 3.4 (1.9) 
Social support 3.6 (1.4)A 2.1 (1.3)B 2.2 (1.4)B 2.7 (1.5) 
Living 
accommodation 
3.3 (1.6)A 1.8 (1.2)B 1.6 (1.3)B 2.4 (1.6) 
Means with different letters are significantly different (Tukey HSD, p<0.05)
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Table 7.5. Perceived importance of behavioral settings to facilitate fruit and vegetable intake 
Behavioral setting MA (n=58) IL (n=50) IA (n=34) Total (n=142) 
Supermarkets 4.6 (0.9) 4.8 (0.7) 4.9 (0.7) 4.8 (0.8) 
Farmers’ markets 4.1 (1.3) 1A 4.7 (0.8) 1B 2.5 (1.4)C 3.9 (1.4) 1 
Full-service 
restaurants 
3.5 (1.5)A 4.6 (1.0)B 3.1 (1.5)A 3.8 (1.5) 
Farm stands 3.7 (1.5) 1A 4.4 (1.2) 1B 2.1 (1.2) 1C 3.6 (1.6) 1 
Supercenters 3.4 (1.6)A 4.7 (1.0)B 2.2 (1.5)C 3.5 (1.7) 
Senior housing 3.3 (1.8)A 2.1 (1.7)B 3.4 (1.7)A 2.9 (1.8) 
Senior centers 4.3 (1.3)A 2.1 (1.7)B 1.4 (0.9)C 2.8 (1.8) 
Congregate meal sites 4.2 (1.3)A 1.9 (1.6)B 1.2 (0.6)C 2.7 (1.8) 
Limited-service 
restaurants  
2.6 (1.6)A 3.5 (1.6)B 1.9 (1.1)A 2.7 (1.6) 
Community-supported 
agriculture 
3.3 (1.7)A 3.1 (1.8)A 1.1 (0.5)B 2.7 (1.8) 
Religious sites 3.2 (1.7)A 2.9 (1.8)A 1.3 (0.7)B 2.6 (1.7) 
Mobile markets 3.1 (1.6)A 2.7 (1.8)A 1.2 (0.8) 1B 2.5 (1.7) 1 
Charitable facilities 3.6 (1.6)A 1.6 (1.2)B 1.1 (0.5)B 2.3 (1.7) 
Dollar stores  3.1 (1.5)A 2.1 (1.4)B 1.1 (0.4)C 2.2 (1.5) 
Convenience stores  2.4 (1.5)A 2.2 (1.6)A 1.3 (0.8)B 2.1 (1.4) 
1Available case analysis was performed for all variables. Missing data was not displayed. 
Means with different letters are significantly different (Tukey HSD, p<0.05). 
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Table 7.6. Counts of participants’ recommendations for behavioral settings to address environmental enablers of fruit and vegetable 
consumption 
Food stores Count Senior programs Count Others Count 
Total 
recommendations 
140 Total 
recommendations 
73 Total recommendations 105 
Farmers’ markets and farm 
stands 
26 
Restaurants 68 
Applicable to farmers’ 
markets and restaurants  
11 
      
Affordability 52 Availability 28 Availability 32 
Food quality 16 Food quality 13 Food quality 13 
Marketing 13 Accessibility 6 Accessibility 11 
Availability 10 Affordability 5 Affordability 10 
Portions 9 Variety 5 Options 10 
Variety 9     
Navigation 9     
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CHAPTER 8 
EXPLORING THE MODERATING EFFECT OF THE PERCEIVED FOOD 
ENVIRONMENT ON THE THEORY OF PLANNED BEHAVIOR AND FRUIT AND 
VEGETABLE CONSUMPTION IN OLDER ADULTS 
 
8.1 Abstract 
Objective: To explore the relationship between perceived food environment and fruit and 
vegetable (FV) consumption among older adults; to investigate the moderating effect of perceived 
environment on the Theory of Planned Behavior (TPB). 
Design: Cross-sectional study using the TPB and a social-ecological model of healthy eating in 
older adults. 
Setting: An interviewer-administered survey conducted in MA and IA, and IL. 
Participants: Community-dwelling adults aged 60 and older. 
Main outcome measures: Intention to meet the recommended FV intake, FV intake. 
Analysis: Appropriate regression models with intention, FV intake, meeting FV recommendations 
as dependent variables. Attitudes, subjective norms (SN), perceived behavioral control (PBC), and 
individual enablers from the perceived food environment were independent variables for all 
regression models. Interaction terms between the TPB constructs and perceived environment 
included. 
Results: PBC was positively associated with intention; SN were negatively associated with fruit 
intake while PBC was positively associated with both fruit intake and vegetable intake. PBC was 
positively associated with FV intake only in participants who rated perceived accessibility 
positively. 
Conclusions and implications: TPB partially explained older adults’ intention and consumption 
of FV. Perceived accessibility of FV moderated the relationship between PBC and total FV 
intake, suggesting leverage to increase FV intake in older adults by improving PBC. 
  84 
8.2 Introduction 
Although fruits and vegetables are high in nutrient density and can help prevent and attenuate the 
deteriorating effects of the aging process, aging may impair older adults’ ability to purchase, 
prepare and consume adequate amounts of these two food groups (Akimoto & Miyasaka, 2010; 
Bader et al., 2010; Bernstein & Munoz, 2012; Cherniack et al., 2009; Gu et al., 2010; Hairi et al., 
2010; Moss et al., 2012; Munoz-Plaza et al., 2013; Nurk et al., 2009; Vesnaver et al., 2012). 
Examining the diet quality of older adults from 2011-2012 using the Healthy Eating Index revealed 
a mean score of 68.3 out of 100. In general, diets were characterized by inadequate intake of total 
fruit, total and subgroups of vegetables, whole grains, dairy, and unsaturated fatty acids as well as 
excessive intake of sodium, indicating room for improvement (Center for Nutrition Policy and 
Promotion, 2016). Roughly only 12% of US adults aged 51 and older met the recommended fruit 
and vegetable (FV) intake of five or more servings per day in 2015 (Lee-kwan et al., 2017).  
 
The Theory of Planned Behavior (TPB) depicts the relationships between personal attitudes, 
subjective norms (SN), perceived behavioral control (PBC), and the occurrence of a behavior  via 
the impact of behavioral intention, which are intrapersonal and interpersonal factors (Ajzen, 1991). 
This theory is one of the most commonly used models to explain the rationale behind health-related 
behaviors including FV consumption (de Bruijn et al., 2009). Dietary habits are better explained 
by TPB than other behaviors (McEachan et al., 2011). Studies have found that the constructs of 
TPB (attitudes, SN and PBC) were good indicators of intention to consume adequate servings of 
FV in various populations, either when used alone or in combination with other behavioral theory 
models (Blanchard, Fisher, et al., 2009; Emanuel et al., 2012; Godin et al., 2010; Guillaumie et al., 
2010; Manning, 2009).  
 
Although some studies have shown that intention is a significant predictor of behavior (Blanchard 
et al., 2009a; Kothe, Mullan, & Butow, 2012), it does not always predict the behavioral change in 
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FV consumption well (Bogers, Brug, van Assema, & Dagnelie, 2004; Lautenschlager & Smith, 
2007; Kothe, 2014). This gap suggests that other factors at both the individual and environmental 
levels -- such as gender, ethnicity, culture and habits, socioeconomic status and education, 
accessibility of resources, availability of healthy foods and transportation and food cost -- may 
affect the relationship between intention and behavior (Blanchard, Kupperman, et al., 2009; 
Emanuel et al., 2012; McDermott et al., 2015; Rhodes, Blanchard, & Matheson, 2006a; Sniehotta, 
2009).  
 
The perceived food environment is associated with consumer food choices and dietary intake 
among populations in different ages groups, including older adults (Caldwell et al., 2008; Griffith 
et al., 2016; Lucan, Hillier, et al., 2014; Sharkey et al., 2010; Wetherill & Gray, 2015). However, 
limited research has shown effects of the perceived food environment on the TPB-fruit/vegetable 
consumption relationship. Our study aims to explore: 1) the associations between the perceived 
food environment and FV consumption among older adults and 2) whether the perceived food 
environment moderates the TPB-fruit/vegetable consumption relationship.  
 
8.3 Methods 
8.3.1 Data Collection 
This cross-sectional study asked participants retrospectively about their FV consumption in the past 
month and constructs of TPB (Ajzen, 1991); namely participant attitudes and SN toward FV 
consumption, PBC with regard to eating five or more servings of FV, and intention to consume 
adequate FV in the following month. Community-dwelling adults aged 60 years and older who 
were mentally competent were recruited online via announcements and in person with assistance 
of senior centers, senior housing, congregate meal sites and other community centers that serve 
older adults. The study sample was recruited from IL, IA and MA.  
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Interviewer-administered survey: A one-time interviewer-administered survey was conducted in 
English of all participants from IL and IA and a majority of the participants from MA. A small 
portion of MA participants completed the survey in Spanish or Vietnamese with an interviewer and 
an interpreter trained on survey administration. Online training for participant recruitment and data 
collection was delivered by researchers at the University of Massachusetts Amherst. The survey 
was guided by the TPB (Ajzen, 1991) and a social-ecological framework specifically targeting 
older adults (Cohen, n.d.). The details of the survey were described in a previous study (Jiang, 
Francis, Chapman-novakofski, & Cohen, 2018). A full survey is found in Appendix E. This study 
only focused on demographic and environmental factors that may influence the TPB constructs. 
The Institutional Review Boards at the University of Illinois at Urbana-Champaign, Iowa State 
University, and the University of Massachusetts Amherst approved the study.  
 
Demographic information: Demographic data were collected using questions suggested by the 
2011 Behavioral Risk Factor Surveillance System (BRFSS) developed by the Centers for Disease 
Control and Prevention (CDC) (2010). Questions covered demographics including age, gender, 
race/ethnicity, marital status, education levels, income, employment status, whether or not living 
with children or grandchildren younger than 18, and car ownership. Self-reported overall health 
status was also collected.  
 
Constructs of TPB: Attitudes and beliefs toward FV were measured by the extent of agreement or 
disagreement to 11 statements including the health benefits of consuming FV, and barriers to 
purchasing, preparing and eating FV (Cox, Anderson, Lean, & Mela, 1998). SN were measured by 
three items, including “most people important to me such as my doctor, family, friends, caregiver 
and home health aide think I should eat five servings of fruits and vegetables each day, approve of 
me eating five servings of fruits and vegetables, and support me in eating five servings of fruits and 
vegetables each day” (Blanchard, Fisher, et al., 2009). PBC was measured by asking participants 
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how confident they were and how difficult it was for them to consume five servings or more of FV 
every day during the next month (Blanchard, Fisher, et al., 2009). Intention was measured by two 
questions. Intention measure A used a five-point scale to indicate participants’ intention of 
consuming 5 servings of FV each day. Intention measure B reported the number of days per week 
participants believed they would achieve the recommended FV intake. FV consumption in the past 
month was measured by a series of six questions adapted from the Massachusetts BRFSS 2011 
survey by the CDC (2010) where participants reported the frequency of consuming 100% fruit 
juices, fruits excluding 100% fruit juices, beans and legumes, dark green vegetables, orange-
colored vegetables, and other vegetables not listed in previous questions in the past month. 
 
Perceived local food environment: The perceived local food environment examined six constructs: 
accessibility of FV, availability of FV, affordability of FV, transportation services to food sources, 
social support for FV consumption, and living accommodations to facilitate FV consumption. See 
(Jiang et al., 2018) for a complete description of the measures used to assess these constructs. 
 
8.3.2 Data Analysis 
Descriptive analysis of the TPB constructs: Survey results from all study sites were pooled for 
data analysis. Preliminary data analysis was conducted to determine the pattern of missing data 
before further analysis. Available case analyses were conducted for this study. Descriptive data 
analysis was conducted to examine the characteristics of study participants regarding their attitudes, 
SN, PBC, intention to meet recommended FV intake, and self-reported FV intake. Cronbach’s 
Alpha was used to evaluate the reliability of the measures for social support (a=0.58), attitudes 
(a=0.59), SN (a=0.74), and PBC (a=0.86). Pearson correlation test suggests that the two measures 
of intention were positively correlated. ANOVA with Tukey’s post hoc tests were conducted to 
detect statistical differences in means of the TPB constructs among the three study sites. 
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Associations between the perceived food environment and FV consumption: Enablers from the 
perceived food environment (living accommodation, accessibility, availability, affordability, 
transportation and social support), as well as demographic variables (race, marital status, education, 
income, employment, car ownership), and self-reported overall health were collapsed to fewer 
response categories to increase the power of data analyses. Transportation was not included in data 
analysis for individual enablers due to lack of variation. The new categories for those enablers were 
as following: accessibility (1 = not at all difficult, 0 = a little difficult to very difficult or varies), 
availability (1 = excellent or good, 0 = neutral to very poor or varies), affordability (1 = excellent 
or good, 0 = neutral to very poor or varies), and living accommodations (1 = always or often, 0 = 
sometimes, rarely or never). Dummy variables were created for categorical variables. All enablers 
were summed up to create a new variable for the overall perceived food environment. 
 
Moderating effects of the perceived food environment on the TPB: Ordered logistic regression 
was performed to investigate the relationship between intention A and TPB constructs and 
individual enablers from the perceived food environment controlled for race, marital status, 
education, income, employment, car ownership and self-reported overall health. Negative binomial 
regression was performed with intention B. Independent variables were the same as for the ordered 
logistic regression model. Linear regression was performed for continuous outcome variables 
including fruit intake, vegetable intake, and FV intake. Logistic regression was conducted after 
converting intake outcomes to binary variables of whether recommended intake was met. If 
statistical significance was found between outcome variables and independent variables from both 
TPB and the perceived environment, interaction terms were created and included in the full 
regression models. All regression analyses were repeated with the overall perceived food 
environment as an independent variable in place of the individual enablers. Multicollinearity tests 
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were performed among independent variables. SAS/EnglishTM (Released in 2013. Version 9.4. 
Cary, NC: SAS Institute Inc.) was used for data analyses. 
 
8.4 Results 
A total of 142 participants from three states completed the survey. Overall, participants reported 
positive attitudes toward purchasing, preparing and consuming FV (Table 8.1). Results also 
suggested supportive SN of meeting the recommended daily FV intake among important people 
including doctors, family, friends and caregivers as perceived by the participants. Participants 
anticipated meeting the recommendations with both strong PBC and high intention. However, the 
self-reported intake of FV failed to reach the recommended five times or more per day. No 
statistically significant difference in attitudes, SN, PBC and intention A was found across states. 
Tukey’s tests showed that participants from IA reported a significantly higher number of days per 
week they intended to meet the recommended intake of FV compared to participants from the other 
two states as measured by intention B. Participants from IL had the lowest frequency of fruit intake 
while the IA participants had the highest. IA participants also had significantly higher intake of 
vegetables as well as FV combined compared to the other two states. 
 
Associations between enablers in the perceived food environment and self-reported intake of fruits 
and vegetable are shown in Table 8.2. Accessibility and being from IA were positively associated 
with fruit intake and combined FV intake. Being female was positively associated with vegetable 
intake. On the other hand, availability of FV, affordability of FV, living accommodations for FV 
consumption, and social support for FV consumption were not significantly associated with any of 
the intake outcomes. Demographic variables including race, marital status, income levels, and car 
ownership were not associated with self-reported intake of FV either.  
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When all environmental enablers were summed up to be included in data analysis as the overall 
perceived food environment, being from IA remained significantly associated with fruit intake and 
combined FV intake (Table 8.3). Being female was positively linked to vegetable intake, which 
was consistent with the previous analysis using individual enablers. The overall perceived food 
environment had no statistical impact on any of the three intake outcomes, nor did the remaining 
demographic indicators. 
 
Table 8.4 displays associations among the TPB constructs and intention to meet recommended FV 
intake when environmental enablers were added. PBC and being from IL were positively associated 
with a higher intention of meeting recommended intake when controlled for other constructs in 
TPB, environmental enablers, and demographic variables of the study sample. Higher PBC was 
associated with participants’ extent of agreement to the statement  that they intend to consume the 
recommended FV intake as well as a higher number of days in a week participants intend to meet 
the recommendation. No other TPB constructs, variables of the perceived food environment, or 
demographic variables were significantly associated with either measure of intention.  
 
The impact of the TPB constructs on fruit intake and vegetable intake controlled for enablers of the 
perceived food environment are displayed in Table 8.5. When statistical significance was reached 
among variables from the TPB constructs and the environmental enablers, interactions between 
these variables were included in the full model of multivariate linear regression analysis. Subjective 
norm was negatively associated with fruit intake, indicating that participants who reported a higher 
degree of agreement that the people important to them supported meeting the recommended FV 
intake consumed less fruit. PBC was positively associated with both fruit intake and vegetable 
intake. Accessibility of FV was also positively associated with fruit intake. Being from IA were 
significantly associated with fruit intake. Full model A included both interaction between SN and 
accessibility and interaction between PBC and accessibility. Full model B included interaction 
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between PBC only. Full model C included interaction between SN and accessibility only. No 
interaction terms reached statistical significance in any of the full models, indicating no moderating 
effects of accessibility on the influence of SN and PBC on fruit intake. Vegetable intake was only 
positively associated with PBC. Therefore, no interaction terms were further added to the regression 
analysis. Multicollinearity tests showed no effects of multicollinearity among the independent 
variables included in these regression models. 
 
When FV intake was combined, it was positively associated with PBC, accessibility, and being 
from IA, but negatively associated with SN (Table 8.6). Full model A includes interaction terms 
between SN, PBC and accessibility. Full model B included interaction between PBC and 
accessibility only. Full model C included interaction between SN and accessibility only. Interaction 
between SN and accessibility was not found significant in either full model A or full model C while 
interaction between PBC and accessibility was positively associated with combined FV intake it 
was the only interaction term included in data analysis. Therefore, full model B was considered the 
best among the three full models to explain the moderating effect of accessibility in predicting FV 
intake. When perceived accessibility was rated negatively, there was no impact of PBC on FV 
intake (coefficient = -0.2014, p = 0.6231). When perceived accessibility was positively rated, PBC 
was positively associated with FV intake (coefficient = 0.7360, p = 0.0004).   
 
Table 8.7 displays logistic regression results when using binary outcome variables representing 
whether or not meeting recommended intake of fruits, vegetables, and FV combined. PBC was 
positively associated with meeting the recommended intake of fruits (OR=1.786) and vegetables 
(OR=1.898). Participants from IA were also more likely to meet the recommend fruit intake 
compared to participants from MA. No interaction was added since no variables from the perceived 
food environment were found statistically influential. Meeting the recommended FV intake was 
positively associated with PBC (OR=3.194) and negatively associated with affordability 
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(OR=0.252). The interaction between PBC and affordability did not show statistical significance 
when included in the full model predicting meeting recommended intake of FV, indicating no 
moderating effects of affordability on the relationship between PBC and meeting recommended 
FV intake. Participants from IA were also more likely to meet the recommended intake of fruits 
and vegetable combined compared to participants from MA when controlled for other variables in 
the model. 
 
8.5 Discussion 
Overall, participants reported positive attitudes and supportive SN related to FV consumption, and 
anticipated meeting the recommendations with both strong PBC and high intention. However, their 
self-reported intake of FV failed to reach the recommended five times or more per day. It is possible 
that participants underreported their dietary intake due to measurement error, failure of recall, or 
that participants actually had decreased dietary intake (Ahmed & Haboubi, 2010; Klesges, Eck, & 
Ray, 1995; Tomoyasu, Toth, & Poehlman, 1999), although overestimation has also been reported 
in older adults (Dijkstra, Neter, Brouwer, Huisman, & Visser, 2014). Another explanation is that 
TPB solely is inadequate to explain older adult consumers’ FV consumption (Emily J. Kothe & 
Mullan, 2014; Sjoberg et al., 2004). Other factors in addition to attitudes, SN, and PBC may have 
an impact on consumer behaviors. Previous studies demonstrated the influential effects of 
anticipated regret, self-identity, prototype image, behavior willingness, and social support on the 
efficacy of TPB predicting healthy eating in college students and adults (Carfora et al., 2016; Godin 
et al., 2010; Jun & Arendt, 2016; Kamphuis et al., 2007). Environmental factors such as availability 
and accessibility of foods can also trigger habitual behavior such as fruit consumption (Brug et al., 
2006).  
 
Our findings suggest that SN were negatively associated with fruit intake among our participants. 
Previous studies showed mixed findings. College students with higher fruit intake reported stronger 
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perceived SN (Carfora et al., 2016; de Bruijn, 2010). Other studies showed a weaker or no 
correlation between SN and intention or consumption compared to other TPB constructs such as 
attitudes and PBC (Chatzisarantis et al., 2004; de Bruijn et al., 2009; Kellar & Abraham, 2005). A 
meta-analysis showed a suppressor effect of perceived injunctive norms (perceptions of which 
behaviors approved or disapproved by others) on the relationship between descriptive norms 
(perceptions of how other people actually behave) and a broad spectrum of behaviors including 
dietary consumption (Manning, 2009). This indicates that different aspects of SN may influence 
behavior from different directions. Future studies may benefit from including both injunctive and 
descriptive SN individually when predicting health behaviors.  
 
PBC was positively associated with intention to meet the recommended FV intake, and fruit intake. 
PBC was the only TPB construct positively associated with intention. This matches previous 
findings that PBC had the strongest influence on intention to eat a healthful diet and FV (Close et 
al., 2018; de Bruijn, 2010; Sjoberg et al., 2004). Perceived accessibility showed a moderating effect 
on the relationship between PBC and total FV intake. Only when accessibility was positively rated 
did PBC show an impact on FV intake. This supports our hypothesis that the food environment is 
important in consumers’ food choices in addition to individual determinants. When environmental 
resources are not accessible, it is difficult for behavioral change to occur despite the fact that the 
person is confident to change behavior. This is consistent with previous findings that perceived 
opportunity to exercise and perceived resources necessary to exercise such as equipment, money 
and facilities were positively linked to PBC of exercise behavior (Rhodes, Blanchard, et al., 2006a). 
The perceived neighborhood environment also demonstrated moderating effects on the TPB when 
predicting health behaviors such as walking ((Rhodes, Brown, et al., 2006). Research studying 
demographic moderators found that age was a moderator of the TPB-diet association between 
young people (17 and under) and adults; gender was not a moderator (McDermott et al., 2015).  
Social support showed a moderating effect on self-efficacy, which is an individual-level factor, and 
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intention of FV consumption (Fernández et al., 2015). Although that study was based on the Social 
cognitive theory, it included intention as a predictor of behaviors, which is helpful in guiding future 
research adopting TPB. Social support was not found significantly associated with intention to meet 
the recommended FV intake in our study, which may be explained by the fact that our study sample 
did not consider social support as an essential enabler of FV consumption (Jiang et al., 2018). 
However, social support may potentially impact intention in a population which depends more on 
social support for healthy eating. 
 
To our knowledge this is the first study extensively examining the impact of the perceived food 
environment on TPB predicting FV intake in older adults. The results can help nutrition 
professionals explain older adults’ dietary behaviors in more depth and guide future interventions 
based on both individual behavior theories and environmental context. When designing 
community-based interventions to promote healthy eating in older adults, nutrition professionals 
should remember that individual readiness for behavioral change does not guarantee an improved 
eating behavior and that environmental resources and consumers’ perceptions of those resources 
also play a role in determining food choices. One limitation of the study was the selective sampling, 
which recruited older adults attending senior centers, congregate meal sites, or living at senior 
housing. We also included participants recruited online which could increase the representativeness 
of the study sample, and included adults from different regions of the U.S. Another limitation might 
be the seasonal variation of food availability and price. However, it is reasonable to assume that 
most people shop for groceries at supermarkets (Ver Ploeg, Mancino, Todd, Clay, & Scharadin, 
2015), where the seasonal variations in availability and price of FV are kept minimal (N. Valpiani, 
Wilde, Rogers, & Stewart, 2015). 
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8.6 Conclusions 
SN were negatively linked to fruit intake while PBC was positively associated with intention and 
self-reported FV consumption in older adults. Strategies to overcome the negative impact of SN 
may help older adults improve FV intake. The perceived accessibility of FV showed a moderating 
effect on the relationship between PBC and total FV consumption, indicating potential leverage to 
improve PBC, thus increasing FV consumption in older adults. Older adults may need to become 
more aware of the available resources in their food environment to support FV consumption. 
Applying individual behavior theories considering environmental factors may help researchers 
understand consumer behavior better and lead to more successful behavior change interventions. 
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Table 8.1. Descriptive results of the TPB constructs 
Construct  MA (n=58) IL (n=50) IA (n=34) Total 
(n=142) 
Attitudes1 Mean (SD) 4.5 (0.4) 4.5 (0.3) 4.5 (0.2) 4.5 (0.3) 
SN1 Mean (SD) 4.5 (0.8) 4.6 (0.6) 4.3 (0.8) 4.5 (0.7) 
PBC1 Mean (SD) 3.8 (1.2) 4.0 (1.1) 4.2 (0.8) 4.0 (1.1) 
Intention      
Intention A  Mean (SD)2 3.8 (1.2) 4.1 (1.1) 4.2 (0.9) 4.0 (1.1) 
Intention B Mean (SD)3 3.9 (2.1)A 3.8 (2.1)A 5.4 (1.8)B 4.2 (2.1) 
Dietary 
intake 
     
Fruits Frequency/day 
(SD) 
2.1 (1.5) †A 
 
1.3 (0.9)B 3.1 (1.6) †C 2.1 (1.5) † 
Vegetables Frequency/day 
(SD) 
2.2 (1.6) †A 2.1 (1.1)A 2.9 (1.6) †B 2.3 (1.5) † 
Total FV Frequency/day 
(SD) 
4.2 (2.6) †A 3.5 (1.6)A 6.1 (2.7) †B 4.4 (2.5) † 
1Score ranges: 1-5 with higher scores indicating more desirable outcomes 
2Score range: 1 = strongly disagree to 5 = strongly agree to the statement “during the next month, 
I intend to eat 5 servings or more of fruits and vegetables each day”. 
3Score range: 0-7 in response to the question “during the next month, I will eat 5 servings or more 
of fruits and vegetables ___ days per week”. 
†Available case analysis was performed for all variables. Missing data was not displayed. 
Means with different letters are significantly different (Tukey HSD, p<0.05) 
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Table 8.2. Enablers in perceived food environment and self-reported intake of fruits, vegetables, and total fruits and vegetables 
 Fruit intake Vegetable intake Total FV intake 
 Coefficient Coefficient Coefficient 
Accessibility1 0.94* 0.58 1.56* 
Availability1 -0.13 0.59 0.40 
Affordability1 -0.04 -0.07 -0.01 
Living accommodation1 0.19 <-0.001 0.24 
Social support 0.27 -0.03 0.18 
State    
MA    
IL -0.27 -0.19 -0.59 
IA 1.40** 0.53 1.87* 
Female 0.42 0.73* 1.03 
Race    
White    
Black 0.26 -0.42 -0.15 
Other 0.50 0.29 0.96 
Being married -0.38 -0.37 -0.83 
Income    
< 100% poverty line    
³ 100%, < 185% poverty line -0.07 0.01 0.07 
³ 185% poverty line -0.51 -0.31 -0.91 
Car ownership -0.18 0.57 0.45 
1Binary variables: 1=positively rated, 0=not positively rated 
*p<0.05, ** p<0.001 
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Table 8.3. Overall perceived food environment and self-reported intake of fruits, vegetables, and total fruits and vegetables 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*p<0.05, ** p<0.001 
 
 
 
 
 
 
 
 
 Fruit intake Vegetable intake Total FV intake 
 Coefficient Coefficient Coefficient 
Perceived food environment <0.01 <0.01 <0.01 
State    
MA    
IL -0.49 -0.12 -0.69 
IA 1.19* 0.68 1.87* 
Female 0.22 0.75* 0.89 
Race    
White    
Black 0.38 -0.33 0.06 
Other 0.38 0.08 0.52 
Being married -0.29 -0.23 -0.57 
Income    
< 100% poverty line    
³ 100%, < 185% poverty 
line 
0.12 0.06 0.27 
³ 185% poverty line -0.32 -0.17 -0.58 
Car ownership -0.11 0.54 0.51 
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Table 8.4. Regression analysis for intention (days intended to meet recommendations) 
Predictor Intention A (Agreement) 
Ordered logistic regression 
Intention B (Frequency) Negative 
binomial regression 
 Estimate SE Estimate SE 
Attitudes 0.71 0.62 0.03 0.16 
SN 0.27 0.28  0.08 0.07 
PBC 2.29** 0.27 0.39** 0.05 
Living accommodation1 0.26 0.45 -0.01 0.10 
Availability1 -0.59 0.71 -0.08 0.17 
Affordability1 0.01 0.42 -0.01 0.10 
Accessibility1 -0.68 0.56 0.09 0.14 
Social support -0.04 0.24 -0.02 0.06 
State     
MA Reference  Reference  
IL 1.62* 0.65 -0.18 0.14 
IA 1.18 0.66 0.14 0.14 
Female 0.58 0.53 0.06 0.13 
Race     
White Reference  Reference  
Black 0.50 0.63 -0.23 0.15 
Other 1.26 0.91 -0.09 0.17 
Being married -0.36 0.47 -0.01 0.11 
Income     
< 100% poverty line Reference  Reference  
³ 100%, < 185% poverty line -0.82 0.62 <-0.001 0.13 
³ 185% poverty line 0.43 0.69 -0.04 0.17 
Car ownership 0.18 0.60 -0.09 0.14 
1Binary variables: 1=positively rated, 0=not positively rated 
*p<0.05, ** p<0.01
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Table 8.5. Multivariate linear regression analysis for self-reported intake of fruits and vegetables 
 
Predictor Fruit intake  Vegetable intake 
 Reduced Model Full Model A Full Model B Full Model C   
 Coefficient Coefficient Coefficient Coefficient Coefficient  
Attitudes 0.35 0.25 0.32 0.30 0.11 
SN -0.43* 0.10 -0.42* -0.05 -0.22 
PBC 0.39* 0.03 0.11 0.30* 0.25* 
Living 
accommodation1 
0.22 0.22 0.24 0.21 <0.01 
Availability1 -0.32 -0.24 -0.26 -0.32 0.44 
Affordability1 -0.09 -0.09 -0.09 -0.09 -0.09 
Accessibility1 0.80* 2.22 -0.05 2.70 0.47 
Social support 0.26 0.25 0.26 0.26 -0.04 
State      
MA Reference  
IL -0.38 -0.32 -0.36 -0.36 -0.29 
IA 1.16* 1.22* 1.18* 1.19* 0.34 
Female 0.21 0.24 0.22 0.23 0.57 
Race      
White Reference     
Black 0.17 0.21 0.15 0.21 -0.52 
Other 0.40 0.50 0.46 0.42 0.23 
Being married -0.38 -0.38 -0.37 -0.40 -0.36 
*p<0.05           
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Table 8.5. Continued. Multivariate linear regression analysis for self-reported intake of fruits and vegetables 
Predictor Fruit intake  Vegetable intake 
 Reduced Model Full Model A Full Model B Full Model C   
 Coefficient Coefficient Coefficient Coefficient Coefficient  
Income      
< 100% 
poverty 
line 
Reference 
³ 100%, 
< 185% 
poverty 
line 
0.04 0.03 0.02 0.05 0.03 
³ 185% 
poverty 
line 
-0.48 -0.46 -0.48 -0.46 -0.30 
Car ownership -0.16 -0.22 -0.17 -0.20 0.58 
Interactions      
SN x 
Accessibility 
- -0.58  -0.43 - 
PBC x 
Accessibility 
- 0.33 0.24  - 
Model adjusted 
R-Square 
0.29 0.29   0.06 
1Binary variables: 1=positively rated, 0=not positively rated 
*p<0.05, **p<0.01 
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Table 8.6. Multivariate linear regression analysis for self-reported intake of total fruits and vegetables 
Predictor Total FV intake 
 Reduced Model Full Model A Full Model B Full Model C 
 Coefficient Coefficient Coefficient Coefficient 
Attitudes 0.51 0.22 0.42 0.40 
SN -0.69* 0.64 -0.64* 0.11 
PBC 0.57* -0.40 -0.20 0.55* 
Living accommodation 0.26 0.26 0.31 0.21 
Availability1 <0.001 0.27 0.23 <-0.001 
Affordability1 -0.17 -0.16 -0.17 -0.16 
Accessibility1 1.32* 3.63 -2.02 5.33 
Social support 0.19 0.18 0.18 0.19 
State     
MA Reference Reference Reference  
IL -0.81 -0.63 -0.72 -0.77 
IA 1.42* 1.59* 1.49* 1.48* 
Female 0.60 0.69 0.62 0.64 
Race     
White Reference Reference Reference  
Black -0.36 -0.27 -0.41 -0.27 
Other 0.89 1.23 1.12 0.92 
Being married -0.80 -0.78 -0.74 -0.82 
Income     
< 100% poverty line Reference Reference Reference  
³ 100%, < 185% 
poverty line 
0.18 0.12 0.09 
 
0.22 
³ 185% poverty line -0.85 -0.83 -0.91 -0.80 
Car ownership 0.52 0.37 0.51 0.43 
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Table 8.6. Continued. Multivariate linear regression analysis for self-reported intake of total fruits and vegetables 
Predictor Tota FV intake 
 Reduced Model Full Model A Full Model B Full Model C 
 Coefficient Coefficient Coefficient Coefficient 
Interactions     
SN x Accessibility - -1.45 - -0.90 
PBC x Accessibility - 1.15* 0.94* - 
PBC + PBC x 
Accessibility 
- - 0.74** - 
Model adjusted R-
Square 
0.23 0.27 0.26 
 
0.24 
1Binary variables: 1=positively rated, 0=not positively rated 
*p<0.05, **p<0.001 
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Table 8.7. Logistic regression analysis for meeting recommended intake of fruits and vegetables 
Predictor Fruits Vegetables Total FV  
   Reduced model Full model 
 OR OR OR OR 
Attitudes 3.19 2.20 5.37 5.37 
SN 0.52 0.86 0.51 0.50 
PBC 1.79* 1.90* 3.19** 3.07* 
Living accommodation 1.58 0.69 1.23 1.25 
Availability1 0.31 2.76 0.41 0.40 
Affordability1 0.45 0.44 0.25* 0.17 
Accessibility1 3.01 4.90 3.57 3.59 
Social support 0.87 1.08 1.04 1.03 
State     
MA Reference Reference Reference  
IL 0.41 0.98 0.78 0.79 
IA 5.32* 2.60 9.13* 9.34* 
Female 0.63 3.10 3.08 3.10 
Race     
White Reference Reference Reference  
Black 1.16 0.46 1.04 1.04 
Other 3.99 0.98 2.21 2.20 
Being married 0.89 0.45 0.43 0.43 
Income     
< 100% poverty line Reference Reference Reference  
³ 100%, < 185% poverty line 2.14 1.54 0.92 0.91 
³ 185% poverty line 0.71 0.85 0.29 0.30 
Car ownership 0.63 1.25 2.96 2.93 
Interaction     
PBC x affordability - - - 1.10 
1Binary variables: 1=positively rated, 0=not positively rated 
*p<0.05, **p<0.001 
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CHAPTER 9 
FOOD ENVIRONMENT EFFECTS ON FRUIT AND VEGETABLE CONSUMPTION 
AND BODY MASS INDEX IN OLDER ADULTS IN WESTERN MASSACHUSETTS 
 
9.1 Abstract 
The neighborhood food environment is linked to eating habits and health outcomes. The current 
study explored whether factors within the community food environment are linked to fruit and 
vegetable intake or Body Mass Index (BMI) among older adults in western Massachusetts. These 
environmental enablers of behavioral change included GIS-derived distance to and ratio of 
healthful food retailers to the sum of both healthful and unhealthful retailers, prices of fruits and 
vegetables, in-store availability of fruits and vegetables, and density of religious settings and senior 
programs as a proxy of access to social support. In adjusted multivariate regression models, no 
significance was found between the food environment enablers and fruit and vegetable intake or 
BMI. Weak evidence suggested that the ratio of healthful food retailers was negatively associated 
with meeting the dietary recommendation for fruits and vegetables (b=-2.17, 95% CI=-4.49, 0.15, 
p=0.0664). Future research is needed to assess the food environment and collect individual-level 
information to better capture consumers’ exposure to fruits and vegetables. 
Keywords  
Older adults, food environment, fruits and vegetables, BMI, GIS 
 
9.2 Introduction 
Obesity is a priority health issue for all U.S. adult populations, including older adults (Fakhouri et 
al., 2012; Ogden, Lamb, Carroll, & Flegal, 2010). The obesity rate among adults aged 65 and above 
reached 34.6% in 2007-2010 (Fakhouri et al., 2012). The high obesity rates can be attributed to 
excess calorie intake in combination with inadequate physical activity (Kuczmarski & Weddle, 
2005). Increased fruit and vegetable (FV) consumption was linked to reduced risk of obesity in 
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adults, thus reducing chronic diseases related to obesity (Ledoux et al., 2011). Despite the benefits 
of consuming FV, older adults in the U.S. do not meet the recommended intake (Lee-kwan et al., 
2017).  
 
A social ecological framework for older adults identifies individual and environmental 
determinants of healthy eating (Cohen, n.d.). The environmental domain encompasses enablers of 
social choice (facilitators of behavioral change such as accessibility and transportation) and 
behavioral settings (places where behavior take place such as food stores and restaurants). 
Important enablers of healthy eating in older adults include accessibility, social support, 
affordability and living accommodations (Sylvie et al., 2013). Behavioral settings like congregate 
meal sites, food stores, senior housing, health care settings, religious settings and restaurants also 
play an essential role in older adults’ eating habits.  
 
Environmental barriers to adequate FV consumption include high cost and disparities in availability 
among different types of stores and neighborhoods with various socioeconomic or ethnic profiles 
(Andreyeva et al., 2010; Bader et al., 2010; Ball, Timperio, & Crawford, 2009; Cassady et al., 2007; 
Larsen & Gilliland, 2008; R. E. Lee et al., 2010; Mook, Laraia, Oddo, & Jones-Smith, 2016). 
Previous studies found conflicting results regarding associations between the enablers and 
behavioral settings in the food environment and BMI. Higher accessibility of small grocery stores 
and fast-food restaurants were linked to higher risk of obesity in some studies (Li, Harmer, Cardinal, 
Bosworth, et al., 2009; Morland & Evenson, 2009; Wang et al., 2007). However, other studies 
found no significant or a negative impact of accessibility of supermarkets and availability of FV on 
the risk of obesity (Lopez, 2007; Morland & Evenson, 2009; Rose et al., 2009; Wang et al., 2007). 
Density of both specialized food stores and grocery stores was negatively related to obesity while 
supercenter convenience store density was positively related to obesity in metropolitan areas (Yan, 
Bastian, & Griffin, 2015). This relationship was partially significant in non-metropolitan areas in 
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Yan’s study. Furthermore, the current food environment imposes multiple disparities on and 
challenges for older adults including unequal access to stores and high food costs, travel burden for 
grocery shopping and low enrollment in food assistance programs (Bader et al., 2010; Cassady et 
al., 2007; Larsen & Gilliland, 2008; National Council on Aging, 2015).  
 
Most studies only explored one or a few aspects of the food environment. It is recommended that 
researchers consider a broader picture of food-environment research where different types of food 
sources potentially interact with each other since consumers’ exposure to the food environment 
may not be simply explained by proximity or density measures (Lucan, 2015). For instance, the 
ratio of “healthy” stores or restaurants to total number of food retailers may play a role in the 
environmental influence on the risk of obesity (Chi, Grigsby-Toussaint, Bradford, & Choi, 2013; 
Shier, An, & Sturm, 2012; Spence, Cutumisu, Edwards, Raine, & Smoyer-Tomic, 2009). In 
addition, there is limited knowledge about the impact of the food environment on older adult FV 
consumption and obesity. Therefore, the purpose of this study was to more comprehensively 
explore the relationships between the enablers and behavioral settings in the observed food 
environment and self-reported FV consumption as well as BMI among older adults in western 
Massachusetts.  
 
9.3 Methods 
9.3.1 Data Collection 
This was a cross sectional study with both primary and secondary data analysis. The study area 
covered all towns/cities in four western Massachusetts counties: Berkshire, Franklin, Hampden and 
Hampshire. Previous studies have used different definitions of neighborhood including zip code, 
census tract, census block, cities/towns, etc. However, it is still not clear which definition is the 
best to characterize food store neighborhood (Krukowski et al., 2010). Our study defined 
neighborhoods by towns/cities because we believe that these units are large enough areas to capture 
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shared contextual effects and community food environment factors (Feng, Glass, Curriero, Stewart, 
& Schwartz, 2010). The target population was adults aged 60 and older residing in these four 
counties and their food environment for FV consumption. 
 
Data from adults aged 60 and older who resided in western Massachusetts counties were retrieved 
from the 2015 Behavioral Risk Factor Surveillance System (BRFSS). The BRFSS survey collects 
health information including health-related risk behaviors, chronic health conditions, and use of 
preventive services from U.S. adults (Centers for Disease Control and Prevention, 2016). The 
specific variables of interest in our study included fruit intake, vegetable intake, and BMI. Fruit 
consumption was measured by self-reported servings of 100% fruit juices and fresh, frozen or 
canned fruit in the past week. Self-reported vegetable consumption was measured in four categories: 
beans, dark green vegetables, orange-colored vegetables and other vegetables in the past week. 
BMI was calculated from weight and height reported by the respondents. Demographic data were 
also collected in the BRFSS including age, gender, race/ethnicity, marital status, education level, 
employment status, household income, and town/city where the respondent lived.  
 
The food environment for FV consumption was assessed using a list of important enablers and 
behavioral settings that were identified in previous studies (Jiang et al., 2017; Sylvie et al., 2013). 
Enablers are facilitators of behavioral change such as accessibility, availability and affordability. 
Behavioral settings are places where food-related behaviors take place. Examples are supermarkets, 
convenience stores and restaurants. Some senior specific behavioral settings include senior centers, 
congregate meal sites, and senior housing. The enablers we measured included accessibility of 
different types of food sources, availability of FV in food stores, prices of FV, public transportation 
and social support resources. Information on availability and prices of FV was collected by store 
audits in a random sample that represented 20% of the supermarkets, grocery stores, supercenters, 
and convenience stores in western Massachusetts including gasoline stations that had an affiliated 
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convenience store. Four researchers collected data independently using a tool modified from the 
Texas Nutrition Environment Assessment Tool from September to December 2015 (Gloria & 
Steinhardt, 2010). Researchers recorded the availability and lowest unit price of 39 FV categorized 
into 100% fruit juice, fruit (fresh, frozen and canned), dark green vegetables, orange-colored 
vegetables, other vegetables, and beans and legumes. Items were selected based on USDA 
classification (ChooseMyPlate, 2015), common consumption in the U.S. (Economic Research 
Service, 2015), and previous research (Glanz et al., 2007). A market basket for fruits and vegetables 
was created based on the following equation: åunit price x amount. The average unit price of the 
most commonly sold items under each FV category was used to represent the average price in a 
town. The amounts of various FV categories suggested by the Thrifty Food Plan for a female aged 
51-70 were entered the equation (Carlson, Lino, Juan, Hanson, & Basiotis, 2007). These FV 
categories are potato products, dark-green vegetables, orange vegetables, canned and dry beans, 
lentils, and peas (legumes), other vegetables, whole fruits, and fruit juices. When store audit data 
were not available in a town, the lowest market basket price of an adjacent town was used. 
Availability scores were assigned to store samples and ranged from 0 to 2 (0=none of the fruits and 
vegetables assessed were available; 1=fewer than half of the items (19) were available; 2=more 
than half of the items were available). The average availability score in stores audited in a town 
was used to represent the availability of FV in the town. When availability score was not available 
in a town, a weighted estimate was calculated using the following equation: average availability 
score of supermarkets from the audited sample x number of supermarkets + average availability 
score of convenience stores and dollar stores x number of convenience stores and dollar stores. 
Public transportation information was obtained from the MA Executive Office of Health and 
Human Services (Regional Transit Authorities, n.d.). A binary variable was used to represent the 
availability of public transportation (0=not available; 1=available). Density of religious settings 
and senior programs including senior centers and congregate meal sites (number per square mile) 
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was used as a proxy to estimate access to social support, as suggested by Sylvie and Jiang (Jiang 
et., 2017; Sylvie et al., 2013).  
 
Information on business classifications and locations of behavioral settings (food stores, restaurants, 
senior centers, and religious settings) was retrieved from ReferenceUSAÒ Database, Inc., 2015 
(Infogroup, Papillion, NE), which is one of the most widely used databases in food-related research 
(Powell et al., 2011). Evidence shows that ReferenceUSA had higher validity, sensitivity and 
positive predictive value in most business categories, especially convenience stores in general and 
large supermarkets and grocery stores with more cash registers and service counters than other 
commercial databases such as Dun and Bradstreet--the other most widely used database--and 
government databases (Fleischhacker et al., 2013; E. Han et al., 2012; Powell et al., 2011). 
Locations of farmers’ markets were downloaded from the MassGIS database (MA Bureau of 
Geographic Information, 2016). A list of senior nutrition programs serving western MA counties 
was found on the MA Executive Office of Elder Affairs website (Executive Office of Elder Affairs, 
n.d.). Individual senior nutrition programs were contact to obtain the names and locations of 
congregate meal sites in the study area. 
 
9.3.2 Data Analysis 
Descriptive data analyses were performed to determine basic characteristics of the study sample 
including demographics and FV consumption. The average Euclidean distance to healthful food 
retailers (HFR), i.e. supermarkets, grocery stores, supercenters and farmers’ markets in a town/city 
was calculated to represent accessibility of FV. We created a variable which was the ratio of HFR 
to the total of healthful and less healthful food retailers (UFR) which were linked to obesity, i.e. 
convenience stores, supercenters, dollar stores, and fast-food restaurants, as suggested by the 
Modified Retail Food Environment Index (Centers for Disease Control and Prevention, 2013a). We 
conducted additional data analysis using an alternative classification of food retailers, which 
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categorized supercenters as HFR along with supermarkets/grocery stores and farmers’ markets 
because they all offer a wide variety of FV compared to convenience stores, dollar stores, and fast-
food restaurants. In this alternative classification, we did not include mobile markets because of 
their limited hours of operation and selection of FV. 
 
Linear regression models were used to examine relationships between the food environment and 
dependent variables, i.e. fruit intake, vegetable intake, and BMI. Logistic regression modeling was 
adopted for the binary dependent variable of meeting total FV recommendation. Independent 
variables included accessibility to FV, availability and prices of FV in stores, access to social 
support, and the ratio of HFR to the sum of HFR and UFR. The availability of public transportation 
was excluded from regression modeling due to the fact that public transportation covers about 90% 
of the towns/cities in western Massachusetts counties. Data analysis was performed by ArcGIS® 
by ESRI (Desktop, version 10. Redlands, CA: Environmental System Research Institute) and 
SAS/EnglishTM (Released in 2013. Version 9.4. Cary, NC: SAS Institute Inc.). 
 
9.4 Results 
Demographic characteristics of the study sample are described in Table 9.1. Regional distribution 
of the respondents can be found in Appendix H (Figure A1). Towns that had the most respondents 
were Springfield, West Springfield, and Chicopee, which are all urban areas in western MA. 
Participants reported to be Hispanic, Asian or other racial/ethnic groups were collapsed into the 
“other” category for race. A majority of the sample were female, white, with some college 
education or more, and reported good to excellent health status. They reported a mean daily intake 
of 1.6 servings of fruit and 2.1 servings of vegetables (Table 9.2). About 21% of the respondents 
met the recommended 5 or more servings of FV daily. The sample had a mean BMI of 27.5 kg/m2, 
classified as overweight.  
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The characteristics of behavioral settings in western MA are shown in Figure 9.1. Areas that have 
a shorter average distance to HFR also have higher concentrations of other types of behavioral 
settings including religious settings, senior centers, and UFR. The highest concentration was 
observed in the Springfield area, which is the largest city in western MA. The ratio of HFR in towns 
is presented in Appendix H (Figure A1). The Springfield area, which is the highest populated region 
in western MA, has a less than 0.5 ratio of HFR to the total of both HFR and UFR. The price of FV 
in western MA towns, measured by the market basket, is shown in Appendix H (Figure A2). No 
data were available in towns with no color. Features of western MA towns concerning the average 
distance to HFR, availability scores, ratio of HFR to the sum of both HFR and UFR, as well as the 
availability of senior nutrition programs are also displayed in Appendix H (Figures A3-6).  
 
No relationships between environmental enablers and the outcome variables for fruit intake, 
vegetable intake, and BMI reached statistical significance (Table 9.3). However, it is worth noting 
that a trend was observed between the ratio of HFR and fruit intake (b=-0.67, p=0.1103). 
Participants who lived in towns/cities that had a higher ratio of HFR reported lower daily fruit 
intake. Weak evidence supports that females (b=0.22, p=0.0547) and participants who had some 
college education or higher (b=0.21, p=0.0797) had higher fruit intake than male and participants 
who did not go to college, respectively. Participants who were black had significantly higher BMI 
than their white counterparts. Female participants and those who reported good to excellent health 
status had significantly lower BMI compared to males and those who reported fair to poor health 
status, respectively.  
 
No environmental enablers of FV consumption were found to be significantly associated with 
meeting the recommended total FV intake (Table 9.4). However, weak evidence suggested that the 
ratio of HFR to the sum of HFR and UFR was negatively associated with meeting the dietary 
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recommendation for FV (b=-2.17, 95% CI=-4.49, 0.15, p=0.0664). Participants of a race other than 
non-Hispanic white or black (Hispanic, Asian or other uncategorized race) and female participants 
were significantly more likely to report that they consumed the recommended amount of total FV.   
 
Results using the alternative classification of food retailers can be found in Appendix H (Tables 
A1 & A2, Figure A7). There were 18 supercenters and 13 mobile markets in the behavioral settings 
we investigated. Data did not reveal any significant difference compared to results using the 
original classification.  
 
9.5 Discussion 
Our results showed little, if any, relationship between the ratio of HFR and FV intake. The ratio of 
HFR was also not associated with BMI. The literature shows mixed results regarding whether the 
ratio of a certain type of food retailer predicted FV consumption or obesity (Chi et al., 2013; 
Frankenfeld, Leslie, & Makara, 2015; Gamba, Schuchter, Rutt, & Seto, 2015; Shier et al., 2012; 
Spence et al., 2009). Almost 70% of the studies reviewed by Gamba et al. found no association or 
association in an unexpected direction between GIS-assessed ratio of types of food retailers and 
obesity (Gamba et al., 2015). Frankenfeld et al. found lower obesity prevalence and higher FV 
consumption in sub-study group who lived in neighborhoods with a higher ratio of restaurants 
including fast-food restaurants, while Spence et al. and Chi et al. found that a lower ratio of sources 
of unhealthful food choices to sources of healthful food choices was associated with lower risk for 
obesity (Chi et al., 2013; Frankenfeld et al., 2015; Spence et al., 2009). It is suggested that variations 
among stores under the same broad categories may cause inaccurate estimates of the food 
environment. For example, stores that offer a large variety of FV may also carry numerous 
unhealthy food items or have poor quality FV and therefore negatively influence FV consumption. 
More consistent results may be generated if researchers subdivide food retailers into smaller groups 
based on their size, price, and quality of food served via actual assessments as recommended by 
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Lucan (Lucan, 2015). This may require further analysis of the existing databases like 
ReferenceUSA and data collection within food retailers. In addition, we did not include mobile 
foodservice vendors in either healthful or unhealthful categories, which can contribute to obesity 
in an urban setting (Lucan, Maroko, et al., 2014). 
 
While we collected data on public transportation availability, it was excluded from data analysis 
due to lack of variation across towns/cities. The majority of our previous study participants who 
were 60 years and older including western MA residents drove to grocery stores (Jiang et al., 2018). 
The Hilltown Transportation Study also reported close to 90% of its senior respondents from the 
rural towns in Hampden and Hampshire counties in MA drove themselves (The Franklin Regional 
Council of Governments, 2016). However, participants of the Hilltown Study still reported issues 
addressing transportation including limited mobility related to scarce public transportation and 
inability to get to a medical appointment due to lack of transportation. Possible reasons can be that 
the public transportation including senior- services is not operated frequently enough for the 
residents or that many participants are unaware of the transportation services available. Car 
ownership can also influence how older adults access food retailers and FV (Bodor, Hutchinson, & 
Rose, 2013). Additionally, it is very challenging to capture one’s real exposure to FV in the 
neighborhood food environment, as many people may not limit their activities within the 
administrative boundaries they live in and are willing to travel longer distance to shop at food 
retailers with lower prices (Aggarwal et al., 2014; Lucan, 2015). This may also explain why price 
of FV was not linked to intake in our study because respondents may have been less restricted by 
distance to stores and cost of FV. Future research can better understand the role of transportation 
in promoting FV consumption by including the actual means of transportation individuals adopt 
for grocery shopping, travel time, and travel cost.  
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We did not find any significant association between accessibility of FV, measured by distance to 
retailers where individuals primarily purchase FV including supermarkets, grocery stores, 
supercenters and farmers’ markets, and FV consumption. This is supported by Michimi’s study, 
which found a negative association between FV consumption and distance to supermarkets only in 
metropolitan areas but not in nonmetropolitan areas (Michimi & Wimberly, 2010). The 
relationships between the density of various types of food retailers and obesity rate also differed 
among metropolitan and nonmetropolitan areas in a national study (Yan et al., 2015). However, no 
association was found between access to large grocery stores or observed availability of FV and 
BMI in a longitudinal study in an urban setting either (Zenk et al., 2017). The authors suggested 
that significant associations might be discovered with very large chain supermarkets and consumers’ 
perceived FV availability. It is possible that we did not observe an association because the four 
western MA counties are mixed with urban and rural settings and the respondents in our study were 
mainly from a number of urban areas. Another explanation is that consumers’ perceptions played 
a more important role in their food-related decision-making process. Furthermore, due to the 
limitations of GIS-derived data analysis such as its low validity and reliability, and the mediating 
effects of individual factors that influence eating behaviors and health outcomes, it is hard to find 
conclusive relationships between the food environment and dietary consumption (Leslie A. Lytle 
& Sokol, 2017). Since it is time and labor consuming to test all different types of validity and 
reliability, guidelines are needed to help researchers determine which types of validity and 
reliability are relevant and important to test when evaluating the food environment. 
 
This was one of the first studies to comprehensively evaluate different aspects of the food 
environment and their impact on FV consumption and BMI in older adults. Our study shed insight 
on how the enablers for FV consumption should be measured to more accurately represent the 
neighborhood food environment, although no association in the expected direction was discovered. 
There are several limitations of the study. First, this is a cross-sectional study that did not take into 
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account the time effect of the food environment. Future research may consider longitudinal studies 
that can capture the changes in an individual’s food environment to explore its true impact on 
dietary intake. Another limitation is that availability of food does not always translate to its 
purchase or consumption. It is also challenging to accurately define one’s exposure to the food 
environment since consumers travel outside the defined boundaries of administrative units such as 
towns/cities in our study, which is one of the overall challenges researchers face when studying the 
food environment (Lucan, 2015). In addition, availability and price of food items other than FV 
within a food retailer can also influence consumers’ choices of FV. Other factors such as quality of 
the produce and amount of each item available in stores may also be important for consumers to 
make food choices. A comprehensive in-store evaluation describing the food environment may 
reveal more about the relationship between availability and consumption of fruits and vegetables. 
Future studies may benefit from obtaining individual-level data on shopping behaviors, 
transportation means, and social context to better understand the impact of the food environment 
on one’s dietary intake.  
 
9.6 Conclusions 
We did not find any significance in the relationships between environmental enablers and FV intake 
or BMI. Weak evidence supported a negative association between the ratio of HFR and meeting 
the dietary recommendation for total FV. Interventions to increase FV intake in older adults may 
benefit from changing the food environment in both HFR and UFR. Future research should also 
focus on refining the measurement of the food environment as well as collecting individual-level 
data including where and how consumers shop for food to more accurately capture consumers’ 
exposure to fruits and vegetables. 
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Table 9.1. Characteristics of study sample from the BRFSS 2015 (n=613) 
  n (%) 
Mean age (SD) 71.0 (8.5) 
Sex Male 244 (39.8) 
Female 369 (60.2) 
Race1 non-Hispanic White 518 (84.5) 
non-Hispanic Black 45 (7.3) 
Other 39 (6.4) 
Education High school and less 236 (38.5) 
Some college and more 373 (60.8) 
Missing 4 (0.7) 
Marital status1 Married 271 (44.2) 
Other 335 (54.6) 
Income <25,000 164 (26.8) 
25,000-74,999 219 (35.7) 
³75,000 91 (14.8) 
Missing 139 (22.7) 
Health status1 Fair to poor 134 (21.9) 
Good to excellent 475 (77.5) 
1Participants who answered “don’t know” or refused to answer were not shown in the table. 
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Table 9.2. Fruit intake, vegetable intake, and BMI of the study sample 
 Mean SD 
Fruit intake (servings/day) n= 504 1.6 1.2 
Vegetable intake (servings/day) n= 504 2.1 1.9 
Total FV intake (servings/day) 
n= 504 
3.7 2.5 
BMI (kg/m2) n= 561 27.6 5.6 
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Figure 9.1. Food environment in western Massachusetts.  
 
a. Average distance to HFR; b. Distribution of religious sites and senior nutrition programs; c. Distribution of HFR; d. Distribution of UFR. 
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Table 9.3. Multivariate linear regression for fruit and vegetable intake in older adults living in western Massachusetts 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1Availability: Not available: No fruits or vegetables assessed were available in the audited store; moderately available: fewer than 50% of 
fruits or vegetables assessed were available in the audited store; Highly available: more than 50% fruits or vegetables assessed were available 
in the audited store. 
*p<0.05 
 
 
 
 
 
Variable Fruit intake (n=473) Vegetable intake (n=473) BMI (n=528) 
Coefficient Coefficient Coefficient 
Accessibility of FV <0.01 <0.01 <-0.01 
Availability 
in stores1 
Not available Reference Reference Reference 
Moderately available -0.25 -0.12 -1.33 
Highly available -0.28 -0.43 -1.94 
Price -0.02 -0.05 <0.01 
Social support <-0.01 -0.02 -0.05 
Ratio of healthful food retailers -0.67 -0.39 0.73 
Race non-Hispanic White Reference Reference Reference 
non-Hispanic Black -0.09 <-0.01 2.05* 
Other 0.23 0.41 0.91 
Some college or more 0.21 0.16 -0.33 
Being married -0.05 -0.15 0.35 
Good to excellent health status -0.16 0.25 -1.36* 
Female 0.22 0.21 -1.25* 
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Table 9.4. Logistic regression for meeting total fruit and vegetable recommendation in older adults living in western 
Massachusetts  
Variable Meeting total FV recommendation (n=473) 
Coefficient (95% CI) P value 
Accessibility of FV <-0.0001 (-0.0002, 0.0002) 0.88 
Availability 
in stores 
Not available Reference  
Moderately available -1.46 (-4.38, 1.46) 0.33 
Highly available -1.60 (-4.46, 1.27) 0.27 
Price -0.02 (-0.12, 0.08) 0.74 
Social support 0.001 (-0.07, 0.07) 0.97 
Ratio of healthful food retailers -2.17 (-4.49, 0.15) 0.07 
Race non-Hispanic White Reference  
non-Hispanic Black -0.16 (-1.13, 0.80) 0.74 
Other 1.35 (0.50, 2.19) <0.05 
Some college or more 0.37 (-0.13, 0.87) 0.15 
Being married 0.02 (-0.46, 0.50) 0.92 
Good to excellent health status -0.12 (-0.70, 0.47) 0.70 
Female 0.58 (0.09, 1.08) 0.02 
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CHAPTER 10 
CONCLUSIONS AND FUTURE DIRECTIONS 
 
My dissertation work was guided by a social-ecological framework modified for older adults and 
TPB. It evaluated both perceived and observed food environment related to FV consumption among 
older adults and examined the impact of the food environment on older adults’ FV intake as well 
as BMI.  
 
Overall, we found some significance of the perceived food environment in older adult consumers’ 
decision-making process related to FV consumption. Participants from all study sites perceived 
accessibility as the most important enabler and supermarkets as the most important behavioral 
setting to facilitate FV consumption. Perceived accessibility of FV was positively associated with 
fruit intake and total FV intake. Furthermore, perceived affordability of FV was rated negatively 
by two-thirds of the participants and was most frequently addressed in their recommendations for 
improving the food environment. This indicates a gap of interventions addressing older adults’ 
financial needs. Based on participants’ comments, future interventions promoting accessible, 
affordable, quality FV may have a positive impact on older adults’ FV intake by improving their 
perceptions of the food environment. 
 
Our work on the observed food environment revealed only weak evidence supporting a negative 
association between the ratio of healthful food retailers and meeting the dietary recommendation 
for total FV intake. Future research will benefit from more valid and reliable measurements to 
assess the food environment. Individual-level data on where and how older adult consumers shop 
for FV will also enable a more accurate estimate of their exposure to FV in the food environment. 
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Additionally, our results showed interaction between the food environment and individual-level 
constructs of TPB. PBC was positively associated with FV intake only in participants who rated 
perceived accessibility positively. This indicates that an interpersonally and intrapersonally 
grounded behavioral theory like TPB may not fully explain one’s eating behaviors. Moderating 
effects of environmental factors such as accessibility and social support should be considered. 
Future research is needed to continue investigating the interaction between individual and 
environmental factors. 
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APPENDIX A 
MODIFIED SOCIAL ECOLOGICAL FRAMEWORK FOR OLDER ADULTS 
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APPENDIX B 
THE THEORY OF PLANNED BEHAVIOR 
 
 
 
 
 
 
 
 
 
 
 
   
 
 
 
 
 
 
(Armitage & Conner, 2001; Manning, 2009) 
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APPENDIX C 
SAMPLE RECRUITMENT FLYER 
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APPENDIX D 
UMASS INSTITUTIONAL REVIEW BOARD APPROVED INFORMED CONSENT 
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APPENDIX E 
FRUIT AND VEGETABLE SHOPPING AND CONSUMPTION SURVEY
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APPENDIX F 
FOOD ENVIRONMENT ASSESSMENT TOOL 
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APPENDIX G 
PARTICIPANTS’ RECOMMENDATIONS FOR IMPROVING THE FOOD ENVIRONMENT 
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APPENDIX H 
SUPPLEMENTAL RESULTS OF CHAPTER 9 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A1. Distribution of the study sample and the ratio of healthful food retailers in western MA  
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 Figure A2. Price of fruits and vegetables in western MA measured by a market basket 
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Figure A3. Average distance to healthful food retailers in western MA towns 
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Figure A4. Availability of fruits and vegetables in food stores in western MA towns.  
Availability score: 0=no fruit or vegetable items assessed were available; 1=fewer than half of the fruit and vegetable items 
assessed were available; 2=half or more of the fruit and vegetable items were available. 
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Figure A5. Ratio of healthful food retailers to healthful and unhealthful food retailers in western MA towns 
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Figure A6. Availability of senior nutrition programs in western MA towns 
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Figure A7. Food environment in western Massachusetts (alternative classification of food retailers).  
a. Average distance to healthful food retailers; b. Distribution of religious sites and senior centers; c. Distribution of healthful food retailers; 
d. Distribution of unhealthful food retailers. 
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Table A1. Multivariate linear regression for fruit and vegetable intake in older adults living in western Massachusetts (alternative 
classification of food retailers) 
Variable Fruit intake (n=473) Vegetable intake (n=473) BMI (n=528) 
Coefficient Coefficient Coefficient 
Accessibility of fruits and vegetables <0.01 <0.01 <-0.01 
Availability 
in stores1 
Not available Reference Reference Reference 
Moderately available -0.21 -0.18 -1.29 
Highly available -0.24 -0.48 -1.92 
Price -0.03 -0.05 <0.01 
Social support <-0.01 -0.02 -0.04 
Ratio of HFR -0.64 -0.48 0.82 
Race White Reference Reference Reference 
Black -0.09 <-0.01 2.06* 
Other 0.23 0.41 0.91 
Some college or more 0.21 0.16 -0.32 
Being married -0.05 -0.16 0.36 
Good to excellent health status -0.16 0.25 -1.36* 
Female 0.23 0.21 -1.26* 
1Availability: Not available: No fruits or vegetables assessed were available in the audited store; moderately available: less than 50% of fruits or 
vegetables assessed were available in the audited store; Highly available: more than 50% fruits or vegetables assessed were available in the audited 
store 
 
*p<0.05
 176 
 
Table A2. Logistic regression for meeting total fruit and vegetable recommendation in older 
adults living in western Massachusetts (alternative classification of food retailers) 
Variable Meeting total fruit and vegetable recommendation 
(n=473) 
Coefficient (95% CI) P value 
Accessibility of fruits and vegetables <-0.0001 (-0.0002, 0.0002) 0.87 
Availability 
in stores 
Not available Reference  
Moderately available -1.31 (-4.20, 1.57) 0.37 
Highly available -1.46 (-4.29, 1.37) 0.31 
Price -0.02 (-0.12, 0.08) 0.68 
Social support -0.01 (-0.08, 0.06) 0.83 
Ratio of HFR -2.04 (-4.33, 0.26) 0.08 
Race White Reference  
Black -0.17 (-1.13, 0.80) 0.73 
Other 1.35 (0.50, 2.20) <0.05 
Some college or more 0.37 (-0.14, 0.87) 0.15 
Being married 0.02 (-0.46, 0.51) 0.92 
Good to excellent health status -0.12 (-0.71, 0.47) 0.69 
Female 0.59 (0.10, 1.08) 0.02 
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